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Abstract 
While maternal obesity, excess pregnancy weight gain and lifestyle 
behaviours are associated with future overweight for both mothers and 
babies, there is limited research on how best to intervene. An evidence base 
that identifies behavioural influences is crucial to the development of effective 
interventions. This thesis aims to gain an understanding of maternal 
behavioural outcomes of healthy eating, physical activity and gestational 
weight gain (GWG), the psychosocial influences on these and to examine 
differences according to pre-pregnancy weight status. 
The New Beginnings Healthy Mothers and Babies Study was a prospective 
observational study using the PRECEDE-PROCEED model of health 
promotion planning as a framework. A consecutive sample of 715 women 
was recruited. Height and weight were measured and women completed 
questionnaires at approximately 16 and 36 weeks gestation. This thesis 
presents three chapters of original research across four study domains. 
While healthy eating was widely regarded as important during pregnancy and 
had become more so, there was more variability in attitudes towards physical 
activity. Ninety-two percent of participants achieved the maximum knowledge 
score relating to the influence of nutrition on pregnancy. However, 8% and 
36% respectively knew  how many serves of fruit and vegetables should be 
consumed daily. Six percent of participants met the recommendations for fruit 
consumption, 4% achieved the recommended vegetable intake and 44% 
achieved sufficient physical activity. There were few differences between 
healthy and overweight women for measures of physical activity and healthy 
eating. 
Many predisposing, reinforcing and enabling factors with a positive influence 
on health behaviours were lower in women commencing pregnancy 
overweight and those factors with a negative influence on health behaviours 
were higher when compared to healthy weight women. Some of these 
antecedents to health behaviours that were different according to pre-
pregnancy weight status were associated with diet quality and physical 
activity. While self efficacy was consistently associated with diet quality and 
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physical activity for both weight groups, other associations between specific 
predisposing, reinforcing and enabling factors differed with behaviour and 
weight status group. These results highlight the complexity of supporting 
behaviour change in a one-size-fits-all approach. 
Sixty-four percent of participants gained weight outside of recommendations. 
Compared to healthy weight women, those women who were already 
overweight at the beginning of pregnancy were more likely to gain too much 
weight (30% vs 56%, p<0.001). Only 35% of participants reported their 
correct recommended weight gain. Excess GWG was associated with few 
predisposing factors, however, these were not consistent between pre-
pregnancy weight status groups. 
Less than 50% of women reported sometimes/usually/always receiving  
advice from health professionals relating to healthy eating, physical activity or 
GWG. These results indicate that there are opportunities to improve the 
advice and support provided by health care professionals in the antenatal 
period. 
Evidence from this PhD research suggests that there is a need for effective 
prevention and management of excess weight in pregnancy. Effective 
management of this problem is likely to require a multidisciplinary approach 
with multi-level strategies. Importantly, the strategies may need to be tailored 
according to pre-pregnancy weight status. 
Collectively, the evidence derived from this thesis suggests that opportunities 
to support healthy lifestyles and prevent future overweight are being missed 
during pregnancy.. 
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Chapter 1: Introduction 
The title of this thesis is ‘Are we missing opportunities? Understanding health 
behaviours associated with overweight’. This study has been branded the 
New Beginnings Healthy Mothers and Babies Study to signify a time of 
positive change and appeal to participants. 
1.1 BACKGROUND 
The prevalence of obesity is increasing,1 including during pregnancy.2 
Recent data indicate that 30-50% of mothers delivering in Queensland 
hospitals were pre-obese or obese prior to pregnancy.3 ,4 
Prenatal and early life experiences are important determinants of future 
chronic disease risk.5 In utero exposure to maternal obesity, diabetes or 
excess gestational weight gain (GWG) are key risk factors for the 
development of childhood obesity.2 ,6 After birth, the infant is also potentially 
exposed to a postnatal family feeding environment that could increase the 
risk of childhood obesity. Collectively, genetic, in utero and postnatal 
environmental influences may contribute to the development of obesity. 
During the reproductive cycle there are several potentially modifiable 
pathways to future obesity for mothers and their offspring that will be 
addressed in this thesis. The risks associated with offspring from diabetic 
mothers will not be elaborated on, as they are beyond the scope of this 
thesis. Figure 1.1 represents the potential pathways to future overweight for 
mothers and babies during reproduction that have been considered in the 
New Beginnings Healthy Mothers and Babies Study. 
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Figure 1.1 Diagram of relationships between risk factors in pregnancy and future 
overweight in mothers and offspring 
Both high7 ,8 and low8 birthweights have been associated with future 
overweight in children. Being born to a mother with an elevated BMI is 
associated with a higher birthweight and childhood overweight. Excess 
gestational weight gain is also associated with future overweight in offspring, 
independent of pre-pregnancy BMI.9 Further excess weight gain contributes 
to weight retention for mothers increasing the risk of the development or 
exacerbation of overweight.10 Behavioural factors that may contribute to 
excess, gestational weight gain are poor maternal nutrition and physical 
inactivity.6 Breastfeeding according to the recommended duration and 
intensity combined with appropriate nutrition is likely to assist a mother to 
return to her pre-pregnancy weight11; failure to achieve this may influence the 
development of obesity in both mothers and babies. Evidence suggests that 
being breastfed, particularly predominantly or exclusively, is protective 
against obesity in childhood and adolescence.12 Therefore, failing to be 
breastfed and needing infant formula may lead to childhood overweight. 
Overweight women are at an increased risk of failing to initiate and continue 
with breastfeeding.13 
There is the potential that these pathways may be cumulative. For example, 
an obese mother, with a poor dietary intake and sedentary lifestyle who gains 
excess weight in pregnancy, does not breastfeed her infant and retains 
weight post-partum is likely to be compounding the risks of future overweight 
for her child and continuing overweight for herself. Intervening at any point in 
this pathway has the potential to reduce the obesity burden for the child, 
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mother and community. While there is increasing recognition of the risk 
associated with pre-pregnancy overweight for future chronic disease, those 
women and their offspring who commence pregnancy with a healthy BMI 
should also be given consideration in the prevention of obesity during 
pregnancy. 
This research reported in this thesis focussed on a number of risk factors for 
future overweight as identified by the shaded boxes in Figure 1.1. Specifically 
the relationship between pre-pregnancy BMI (both healthy and elevated) and 
excess GWG, maternal nutrition and physical activity have been explored. To 
contain the scope of the thesis pregnancy and offspring outcomes have not 
been examined.   
While maternal obesity, excess gestational weight gain, lifestyle behaviours 
and failure to breastfeed have been associated with future overweight for 
both mothers and babies, there is little evidence on how to best intervene.14 
,15
 The issues of healthy lifestyles and primary prevention of chronic disease 
are not systematically addressed within antenatal care in the Australian 
context. For example, women are not routinely weighed in Queensland 
hospitals. Of note is the fact that Australian rates of excess GWG are not 
known. This critical prenatal period represents a prime opportunity for health 
promotion to reduce the longer term, public health burden of obesity. 
To date, a number of intervention studies have targeted women who 
commence pregnancy overweight. Published studies vary in quality and have 
been predominantly aimed at reducing excess GWG.14 Results have been 
inconsistent, with no practical, effective interventions identified. Shortcomings 
of programs designed to modify health behaviours in the general population 
include a failure to undertake a needs assessment with the target population 
to ensure population needs are met and barriers to change are addressed.16 
Interventions with overweight pregnant women appear to be no different. 
Without a clear description of current behaviours and practices, and an 
understanding of the influences on healthy lifestyle behaviours in pregnant 
women, it is difficult to design tailored interventions to improve outcomes. 
Using appropriate constructs to guide the assessment of target populations is 
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likely to identify approaches that will enhance engagement and adherence to 
potential intervention strategies. 
The PRECEDE-PROCEED model provides a framework for the assessment, 
implementation and evaluation of health promotion programs.16 The 
PRECEDE component involves the assessment of predisposing, reinforcing 
and enabling constructs in educational diagnosis and evaluation.17 The 
PROCEED component relates to the implementation and evaluation of a 
program. The proposed research will integrate constructs of dominant health 
behaviour change theories to define the constructs of the PRECEDE 
component of the model. 
The research reported here aimed to address current deficits in Australian 
and international literature by undertaking an observational study of pregnant 
women to (a) determine the prevalence of excess GWG and (b) identify the 
predisposing, reinforcing and enabling factors (psychosocial factors) 
associated with healthy lifestyle behaviours during pregnancy. The 
theoretical approach underpinning this research is designed to enable the 
development of more effective interventions during pregnancy to: 
• support overweight mothers in adopting healthy lifestyles during 
pregnancy, 
• gain an appropriate amount weight, and 
• contribute to the prevention of obesity for mothers and their offspring. 
Throughout this thesis, predisposing, reinforcing and enabling factors are 
collectively referred to as psychosocial factors. 
1.2 OBJECTIVES 
The primary aims addressed in this research were divided into four domains. 
1.2.1 Nutrition and Physical Activity Domain 
• Describe the importance of, and knowledge relating to, healthy eating 
and physical activity in pregnancy. 
• Examine the differences in eating and physical activity behaviours 
between healthy and overweight women. 
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1.2.2 Maternal Psychosocial Domain 
• Describe the differences between healthy and overweight women on 
psychosocial factors associated with healthy eating, physical activity 
and gestational weight gain. 
• Examine psychosocial factors associated with healthy eating and 
physical activity for healthy and overweight women. 
1.2.3 Maternal Weight Domain 
• Describe knowledge relating to gestational weight gain in healthy and 
overweight women. 
• Describe the prevalence of excess gestational weight gain (see below) 
and examine this according to pre-pregnancy weight status. 
• Identify early pregnancy (<20 weeks gestation) psychosocial factors 
that predict excess gestational weight gain at 36 weeks. 
Recommendations by the Institute of Medicine for gestational weight gain will 
be used to define excess gestational weight gain.6 
1.2.4 Service Delivery Domain 
• Describe the advice and support received by pregnant women from 
health professionals relating to healthy eating, physical activity and 
gestational weight gain. 
• Describe the support services, if any, that pregnant women want to help 
them engage in healthy lifestyles and gain appropriate weight. 
1.3 SIGNIFICANCE 
The New Beginnings Healthy Mothers and Babies Study was a unique study 
in an Australian context. The study was designed using a theoretical 
framework to guide the future development of an intervention to support 
pregnant women to adopt healthy lifestyles, particularly those at high risk of 
unhealthy nutrition and physical activity habits. The Council of Australian 
Governments (COAG), through its National Early Childhood Development 
Strategy18, has identified ‘the best possible start in life’ as a national priority 
for improving health outcomes now and for future generations. This study 
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targets one of the identified protective factors (good nutrition and physical 
activity) in the antenatal and very early post-partum period. Obesity has been 
identified “as a serious and growing national health concern and an 
increasing burden on the health care system.”19(p11). Chronic disease with a 
focus on maternal and foetal health is a key focus in the current National 
Health and Medical Research Council (NHMRC) strategic plan.20 The New 
Beginnings study is one of only a few studies to date with a focus on the 
antenatal period. It has contributed evidence to guide the development of 
interventions to prevent and manage excess weight in pregnancy. 
1.4 CONTEXT 
The PhD candidate is a Senior Dietitian Nutritionist within the Department of 
Nutrition and Dietetics at the Royal Brisbane and Women’s Hospital who 
specialises in maternal health. The candidate delivered dietetic care to the 
antenatal clinic and maternity ward of the RBWH for six years prior to the 
current academic enrolment. The first 14 months of candidature enrolment 
were part time, when a component of clinical service delivery in the antenatal 
clinic was maintained. The RBWH Research Advisory Committee provided 
$50,000 in scholarship funding in 2009 and 2010. The candidate’s clinical 
time was backfilled to 0.4 full time equivalent (FTE) for 15 months to allow 
project planning, study design, commence implementation and supervise 
undergraduate students. 
On converting to full time enrolment, clinical work was reduced to one day 
per week for the remainder of the candidature. The relationships with 
midwifery, obstetric, medical and administrative staff within Maternity 
Services at the RBWH facilitated the implementation of this research. 
Due to the large sample size required and the multiple follow up time points, 
it has been unfeasible for the PhD candidate to undertake recruitment and 
data collection alone. Two undergraduate research students assisted in the 
recruitment and data collection process, one of these on a QUT Vacation 
Research Education scholarship. 
The candidate applied for and was successful in a RBWH Foundation 
Strategic Research Initiative Grant for 2011 of $28,000. These funds were 
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used to employ a research assistant for 0.6 FTE for 22 weeks and then 0.3 
for 16 weeks to assist in data collection and entry. The candidate remained 
actively involved in data collection, data entry and supervision of the research 
assistant and students across the four study time points. 
1.5 OVERVIEW OF THE THESIS 
The introduction (Chapter 1) provides an overview of the proposed research 
for this PhD candidature. Chapter 2 presents a summary of relevant 
literature, focussing on maternal overweight and associated risk factors, 
including the influences on health behaviours. Potentially modifiable risk 
factors of nutrition, physical activity and gestational weight gain have been 
reviewed. Health behaviour change theory models are outlined, followed by 
an examination of the evidence to guide effective prevention and treatment of 
excess weight in pregnancy. The project methodology is outlined in 
Chapter 3. Chapter 4 describes the participant characteristics and flow 
through the study. The study results examined as part of this thesis include: 
• Women’s knowledge and perception of nutrition and physical activity 
during pregnancy, self-reported nutrition and physical activity 
behaviours and reported support received during pregnancy from health 
care providers relating to these factors (Chapter 5). 
• A comparison between healthy and overweight women for perceived 
risk related to weight gain and weight status in pregnancy, 
predisposing, reinforcing and enabling factors for eating, physical 
activity and gestational weight gain in pregnancy, and associations 
between these factors and eating and physical activity behaviours 
(Chapter 6). 
• The prevalence of excess gestational weight gain and how this differs 
for women who commence pregnancy overweight compared to a 
healthy weight, women’s knowledge relating to appropriate weight gain 
in pregnancy and the support received from health care providers for 
achieving appropriate weight gain. Associations between excess 
gestational weight gain and psychosocial constructs of health 
behaviours are explored (Chapter 7). 
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Chapter 8 concludes this thesis by summarising the results and highlighting 
the contributions to the evidence. Study strengths and limitations are 
discussed and the implications of the findings for practice and further 
research. 
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Chapter 2: Literature Review 
2.1 THE PROBLEM OF MATERNAL OVERWEIGHT 
Being overweight at the time of conception and gaining more weight than is 
recommended during pregnancy both pose a risk to maternal and offspring 
health. These are two distinct, yet related, risk factors and will be initially 
discussed separately. This section of the literature review will discuss the 
problem of commencing pregnancy above a healthy weight. Throughout this 
thesis, the term overweight will be used to describe women who commence 
pregnancy pre-obese or obese, based on self-reported pre-pregnancy weight 
and measured height early in pregnancy. Self-reported pre-pregnancy weight 
is used in the majority of studies to determine pre-pregnancy weight status. 
Aspects of gestational weight gain will be discussed in section 2.2.4 on page 
41. 
2.1.1 Definition and Prevalence 
2.1.1.1 Definition 
Obesity is defined “as a condition of abnormal or excessive fat accumulation 
in adipose tissue, to the extent that health may be impaired.”21 Body mass 
index (BMI in kg/m2), a simple index of weight-for-height, is used as a crude 
measure to define obesity. Numerical cut points are used to classify weight 
status in adults. The World Health Organisation (WHO) classification of BMI21 
is outlined in Table 2.1. Although useful and simple, the definition of obesity 
based on BMI gives little consideration to the distribution of excess fat and 
varying degrees of fatness in different individuals and populations.21 
Table 2.1 WHO classification of BMI21 
Classification BMI (kg/m2) 
Underweight <18.5 
Normal range 18.5- 24.9 
Overweight: > 25.00 
Pre-obese 25-29.9 
Obese class I 30-34.9 
Obese class II 35-39.9 
Obese class III > 40.00 
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Within research relating to maternal obesity, there is some variation in the 
definition of obesity.22 The Institute of Medicine (IOM), in the first version 
(1990) of their weight gain recommendations for pregnancy, have previously 
classified a BMI from 26-29 kg/m2 as overweight and a BMI over 29kg/m2 as 
obese.23 These classifications were based on a pre-pregnancy BMI and are 
common cut-points in the literature of the past two decades. Pre-pregnancy 
BMI is generally reported in the literature to define maternal obesity, 
however, where this is unavailable, a BMI early in pregnancy is used. The 
IOM recommendations6 were recently revised (2009) with new classification 
cut-offs consistent with the WHO classifications (Table 2.1). It is likely that 
this will improve the consistency of classification of maternal obesity in the 
literature. Comparison between studies requires caution, due to these 
differences in classifications. 
Consistent with WHO classifications for weight status outlined in Table 2.1, 
throughout this thesis the term “overweight” has been used to describe a 
BMI>25kg/m2 and “pre-obese” used to describe a BMI of 25-29.9kg/m2. 
2.1.1.2 Prevalence 
The international increase in overweight in the general population is resulting 
in more women entering pregnancy with pre-existing overweight.21 Routine 
data collection of obesity prevalence in the obstetric population is variable 
between and within nations. 
The UK estimates indicate that maternal obesity has risen from 9% in 1990 to 
19% in 2002 to 200424 with a quarter of women pre-obese and 10% obese 
(between 1989 and 1997) in maternal booking data.25 In the USA, the 
prevalence of women classified as obese at the first prenatal visit increased 
from 16.3% in 1980 to 36.4% in 1999 (using BMI >29 kg/m2).26 
There are three studies examining Queensland obstetric populations27 ,28,4 and 
a government report3 outlining the prevalence of maternal overweight. Table 
2.2 provides a summary of these results. From the first three estimates in this 
table, it appears that, over a ten year period, the prevalence of overweight 
has increased from approximately one third to half of the women studied. 
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In July 2007, the Queensland perinatal data collection (PDC) began routinely 
collecting information of weight and height at about the time of conception. 
This information was gathered from the pregnancy health record (PHR) using 
the recorded weight and height at the first hospital visit. There is the potential 
that weight gained in the first trimester may have inflated the pre-pregnancy 
prevalence of maternal overweight reported in the PDC. Recently a study 
examining 75,432 deliveries between 1998 and 2009 in a metropolitan 
Queensland hospital reported little change in the prevalence of overweight.4 
It is unclear from this if the sample was representative of the broader 
Queensland obstetric population, with a quarter to a half of the sample 
(depending on weight status) being private patients.4 Nevertheless, these 
studies provide an estimate that between a third and half of all women 
presenting for antenatal care in Queensland are above a healthy weight. 
Table 2.2 Queensland studies reporting overweight prevalence in an obstetric 
population 
 Pre-obese (%) 
(BMI 25-29.9 kgm2) 
Obese (%) 
(BMI > 30 kgm2) 
Total overweight (%) 
(BMI >25 kgm2) 
Qld study 1998-2002*27 
(n= 11 252) 20 13.5 33.5 
Qld study 200728 (n=262) 21 20 41 
PDC 20083 (n=56,809) 28 22 50 
Qld study 20094 20 12 32 
* deliveries over 5 years analysed; PDC=perinatal data collection; BMI=body mass index. 
 
2.1.2 Consequences of Maternal Overweight for Mothers and Babies 
The adverse outcomes associated with overweight in pregnancy are well 
documented. There are implications for mortality and morbidity for pregnant 
women with elevated BMIs, and also their offspring, during the pregnancy, in 
the early post-partum period and beyond. 
2.1.2.1 Maternal complications 
DIABETES MELLITUS IN PREGNANCY 
Gestational diabetes mellitus (GDM) is defined as any degree of glucose 
intolerance with onset or first recognition during pregnancy29 and is 
associated with adverse short- and long-term outcomes for both mothers and 
their offspring.30 A meta-analysis of 70 studies in populations with routine 
 Chapter 2: Literature Review 30 
GDM screening reported an odds ratio (OR) for GDM of 3.76 (3.31-4.28) for 
obese, compared to healthy weight women.31 The risk of GDM escalated with 
increasing BMI, with an OR of 3.01 (2.34-3.87) for obesity class I and 5.55 
(4.27-7.21) for obesity class II and above, compared to women of healthy 
weight.31 Obese pregnant women are also more likely to enter pregnancy 
with pre-existing type 2 diabetes mellitus (DM).27 ,32 ,33 
HYPERTENSIVE DISORDERS 
Hypertensive disorders of pregnancy (HDP) encompass chronic 
hypertension, gestational hypertension, pre-eclampsia, and pre-eclampsia 
superimposed on chronic hypertension.34 Increasing BMI is associated with 
an elevated prevalence of HDP.27 ,33 An Australian study reported that the 
adjusted OR for HPD were 1.74 (1.45-2.15) for pre-obese, 3.0 (2.40-3.74) for 
obese classes I and II combined and 4.87 (3.27-7.24) for obese class III, all 
compared to healthy weight women. 
DELIVERY COMPLICATIONS 
The need for intervention during delivery escalates with increasing BMI. 
Overweight women are more likely to require induction of labour35 ,36 and 
they are more likely to have a failed induction of labour.37 ,38 Rates of elective 
and emergency caesarean sections are also increased in obese women.35 ,39 
Uterine contractility in obese women has been found to be reduced, 
suggesting a potential mechanism for the failed induction and higher 
caesarean rates, however, further studies in this area are needed for 
confirmation.40 
Complications of delivery, such as maternal infection, haemorrhage and 
length of stay, are all increased in mothers who are obese, compared to 
those with a healthy BMI.35 
2.1.2.2 Offspring complications 
Consequences of maternal overweight for offspring include: 
• still birth: OR 1.5 (1.1,1.9) and 2.1 (1.6, 2.7) for pre-obese and obese 
women respectively41; 
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• neural tube defects: OR 1.2 (1.0,1.5), 1.7 (1.3, 2.2) and 3.1 (1.8, 5.5) for 
pre-obese, obese and for severely obese, respectively42; 
• preterm delivery: RR 1.2 (1.1, 1.4) for overweight women43; 
• neonatal intensive care admission: OR 1.4 (1.2, 1.5) for babies of 
overweight women35; 
• foetal compromise: OR 2.1 (1.4,3.0) for pre-obese, 1.6 (1.5, 1.7) for 
obese and 2.1 (1.9, 2.3) for morbidly obese.35 
MACROSOMIA 
Various definitions for macrosomia exist within the literature, making 
comparison of studies difficult. Common definitions are birthweight 
>4,500g,44 4,000g45 or greater than the 90th percentile.4 ,25 Infant birthweight 
is highly correlated with maternal pre-pregnancy weight.25 ,46 ,47 Mean 
birthweight is significantly increased in infants born to obese mothers, when 
compared to those of healthy weight.25 ,45 Twice as many babies born to 
obese mothers were above the 90th percentile for birthweight, compared to 
those born to healthy weight mothers in a sample of public and private 
deliveries (n=75,432) in Queensland.4 Maternal overweight has been 
consistently associated with macrosomia2 regardless of the definitions used. 
FUTURE CHILDHOOD OBESITY 
The global obesity epidemic is seeing not only an increase in maternal 
obesity, but also obesity in children. Whitaker et al46 reported a relative risk of 
2.0 (CI 1.7, 2.3) for childhood obesity at four years of age if the mother was 
obese in the first trimester of pregnancy. In this retrospective cohort, the 
prevalence of obesity at ages two, three and four years was 15.1%, 20.6% 
and 24.1% respectively, 2.4-2.7 times higher than the prevalence among 
children born to mothers who were of healthy weight in early pregnancy. A 
prospective study examining the relationship between maternal pre-
pregnancy BMI and offspring overweight in adolescence found an increased 
OR of early adolescent overweight of 2.2 (1.5-3.1) and 4.3 (2.7-6.8) for 
offspring of pre-obese and obese mothers respectively.48 
With maternal BMI during early pregnancy influencing the development of 
childhood obesity in utero, the notion that women often have the primary 
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responsibility for feeding children and the post natal feeding environment,49 
maternal obesity may contribute to childhood obesity on a number of levels. 
2.1.3 Costs Associated with Overweight in Pregnancy 
Despite the plethora of literature examining the complications associated with 
maternal overweight, there is limited research examining the fiscal and social 
costs related to maternal overweight. An increase in use of health care has 
been reported by one study that examined over 13,000 pregnancies.33 Chu 
et al (2008)33 found that overweight women had more foetal tests, 
ultrasounds, medications dispensed, telephone contact from the obstetric 
department and visits with physicians, rather than nurses or assistants. A 
study of 435 women in France reported the average cost of hospital prenatal 
care was five times higher for mothers who were overweight, compared to 
those of a healthy body weight.50 
While it would seem logical to assume that the increased length of stay, 
perinatal and intrapartum interventions, and admissions would escalate direct 
health care costs associated with these high risk pregnancies, rigorous 
examination of these costs in the Australian context may assist to raise the 
awareness of funding providers or the need for enhanced resources to care 
for overweight women in pregnancy. Efforts to manage and treat obesity 
during pregnancy may be costly, however, this may be offset through future 
economic savings and improved maternal and offspring health.51 
2.2 MODIFIABLE RISK FACTORS FOR DEVELOPMENT OF 
OVERWEIGHT IN MOTHERS AND OFFSPRING 
Pregnancy has been identified as a critical period in the human lifecycle that 
may influence the development of overweight in both mothers and their 
offspring. The foetal experience has been suggested to affect future chronic 
disease risk.52 Exposure to an in utero environment of maternal obesity, 
diabetes or excess GWG is a key risk factor for the development of childhood 
obesity.2 ,6 
There is increasing evidence to suggest that birthweight and early growth are 
important determinants of body composition and chronic disease later in life.7 
,53 Historically low birthweight, considered to be a consequence of maternal 
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under-nutrition, was the focus of in utero exposure and chronic disease 
research and was coined the ‘Barker Hypothesis’ after the dominant 
researcher, David Barker.54 Over the years this hypothesis has been 
extended to the developmental origins of health and disease. More recently, 
the recognition of increased maternal nutritional intake and body mass index 
as risk factors, particularly in developed countries, is seeing a shift in 
research focus.54 In addition to exposure to maternal over-nutrition, an infant 
is potentially exposed to a postnatal and family feeding environment that 
could further increase the risk of childhood obesity. The genetic, in utero and 
postnatal environmental influences are important in the development of 
obesity. 
It is acknowledged that, for the best health outcomes for mothers and 
offspring, women planning a pregnancy should optimise their nutritional 
status prior to conception. With only about 50% of pregnancies being 
planned,55 ,56 antenatal nutritional care needs to be considered. Nutritional 
care is considered by some to be essential in the delivery of antenatal 
services,57 ,58 however, many women receive little or no guidance regarding 
nutrition throughout their contact with health services during the 
preconception, antenatal or postnatal periods.57 
In this section of the literature review, the potentially modifiable risk factors 
associated with future overweight in mothers and offspring of maternal 
nutrition, physical activity and gestational weight gain will be examined. Infant 
feeding and lactation are beyond the scope of this thesis and will not be 
included in the literature review. 
2.2.1 Consideration of Non-modifiable Influences Contributing to 
Overweight 
The regulation of individual body weight through energy homeostasis is 
complex. A series of physiological processes including genetic, hormonal and 
neural influences are involved, however, behavioural, cognitive, 
environmental and socio-cultural factors are also thought to play a role.21 ,59 
The interaction of these processes are not completely understood,21 adding 
to the difficulty in addressing the issue of excess weight. Various signalling 
processes in the intestine, adipose tissue and brain are involved in sensing 
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the presences of nutrients and coordinating their distribution, metabolism and 
storage.21 The coordination of this process occurs in the brain, facilitating 
changes in eating, physical activity and metabolic processes to maintain 
energy balance.21 
There has been the suggestion that some individuals are more susceptible to 
becoming overweight under given conditions.60 Genetic, molecular and 
epidemiological studies appear to support this.21 The possible physiological 
processes which may increase individual susceptibility include low resting 
metabolic rate, low oxidation rates, low fat-free mass, altered appetite control 
and food intake, factors related to macronutrient use, energy expenditure and 
hormonal profiles, including insulin sensitivity and leptin regulation.21 ,61 Given 
the complex interaction of these processes, there is probably no single 
approach that will prevent or manage obesity. While not ignoring the genetic, 
biological and metabolic susceptibility to obesity faced by some individuals, 
this thesis will focus on the factors that are considered modifiable during 
pregnancy, in particular the behavioural and cognitive aspects associated 
with nutrition, physical activity and gestational weight gain. 
2.2.2 Nutrition 
Nutrition prior to and during pregnancy is an important factor influencing the 
health of both mother and child throughout their lifecycles.57 ,58 Pregnancy is 
a time when some nutrient needs increase significantly, with only a small 
increase in energy needs,62 rendering the quality of the dietary intake 
important. In addition to energy balance, pre-pregnancy weight status and 
gestational weight gain, both the macro and micronutrient balance, iron 
status, antioxidant intake, amino acid supply and pattern and dietary lipids 
are believed to influence optimal foetal development, which maximises the 
potential for growth, development and a healthy life.63 
2.2.2.1 Energy requirements 
The basis of energy requirement recommendations for pregnant women has 
been nicely summarised in a WHO64 definition by Butte and King (2005): 
The energy requirement of a pregnant woman is the level of energy 
intake from food that will balance her energy expenditure when the 
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women has a body size and composition and level of physical activity 
consistent with good health, and that will allow for the maintenance of 
economically necessary and socially desirable physical activity. In 
pregnant women the energy requirement includes the energy needs 
associated with the deposition of tissues consistent with optimal 
pregnancy outcome.65(p.1,010) 
This definition alone highlights the inherent difficulties in commonly outlined 
recommendations for energy requirements in pregnancy. While it is 
acknowledged that increased energy needs really only commence in the 
second trimester, there is wide individual variability in the energy needs of 
pregnancy, particularly associated with varying body size and activity 
levels.62 ,65 
The issue of maternal overweight and gestational weight gain presents 
challenges when making population recommendations for energy 
requirements during pregnancy. Current energy requirement 
recommendations for pregnancy are theoretically related to optimal 
gestational weight gain. Maternal BMI should be considered when making 
individual recommendations for energy requirements during pregnancy. 
Individual variability and changing energy requirements throughout 
pregnancy require consideration when making recommendations to pregnant 
women. With over half of the pregnant population overweight at the start of 
pregnancy, the current recommendations for energy during pregnancy in 
Australia of 1.4 MJ/day in the second trimester and 1.9 MJ/day in the third 
trimester66 need to be used with caution. 
2.2.2.2 Dietary guidelines 
There are no specific dietary guidelines for pregnant and breastfeeding 
Australian women. Nutrient Reference Values for Australia and New Zealand 
were released by the NHMRC in 200666. A reference weight of 61kg for 
women over 19 years of age and 57kg for women 14-18 years was used in 
making recommendations for pregnancy. Many recommended daily intakes 
(RDIs) of nutrients are increased during pregnancy.66 The increases range 
from 10% to 50%. Metabolic adaptations and a high quality, balanced, dietary 
intake are generally sufficient to meet the increased nutrient needs. The 
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exception to this is folate66 and iodine67, where routine supplementation is 
now recommended for the majority of women in Australia. In addition to folate 
and iodine, iron (50% increase in RDI) and calcium (no increase in RDI) are 
considered key target nutrients for pregnant women.58 With only a 15% to 
25% increase in requirements for energy, the quality of dietary intake 
becomes important to meet increased nutrient needs. 
The Australian Guide to Healthy Eating68 was released in 1998, prior to the 
institution of nutrient reference values and is currently in the process of 
review. It provides guidance in terms of foods groups, rather than nutrients. 
Table 2.3 outlines the core food group servings recommended for each food 
group for women in non-pregnant, pregnant and lactating states. These food 
group recommendations are designed to meet the increased energy and 
nutrient requirements averaged over the 40 week gestation period. Daily food 
group servings are used to guide education in clinical practice. There is a 
very small increase in the amount of food required for pregnant women, 
compared to those non-pregnant (the equivalent of an extra two serves of 
fruit). There are no specific guidelines for women who commence their 
pregnancy overweight. 
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Table 2.3 Australian Guide to Healthy Eating core food group serves for non-
pregnant, pregnant and lactating women 
Food group Non-
pregnant 
Pregnant Lactating Serving size 
Bread, cereals, rice, 
pasta, noodles 
4-9 4-6 5-7 2 slices bread, 1 medium bread roll 
1 cup cooked rice, pasta, noodles 
1 cup breakfast cereal flakes 
½ cup muesli or raw oats 
Vegetables, legumes 5 5-6 7 1 small potato/yam 
½ medium sweet potato 
1 cup lettuce or salad vegetables 
½ cup cooked vegetables 
Fruit 2 4 5 1 medium piece fruit, 2 small pieces fruit 
½ cup juice 
1 cup diced/canned fruit 
1½ tbsp sultanas 
Milk, yogurt, cheese 2 2 2 1 cup milk 
40g (2 slices) cheese 
200g yoghurt 
1 cup custard 
Meat, fish, poultry, 
eggs, nuts, legumes 
1 1.5 2 65–100g cooked meat/chicken 
80–120g cooked fish 
2 small eggs 
⅓ cup cooked lentils, legumes or canned 
beans 
⅓ cup peanuts/almonds 
Extra foods 0-2.5 0-2.5 0-2.5 4 sweet biscuits 
30g potato crisps 
1½ scoops ice-cream 
1 tbsp(20g) butter, margarine, oil 
 
2.2.2.3 Dietary intake, quality and nutrients 
A number of papers have examined aspects of the dietary intakes of 
pregnant women in Australia and consistently women are failing to meet 
many key nutritional recommendations.69-73 Using similar dietary intake 
methods, both Wilkinson et al (2009)69 and Wen et al (2010)71 reported an 
average intake of vegetables 2.0 + 0.6 and 2.3 + 1.3 serves respectively. 
Only 9.2% (of n=262) and 13% (of n= 409) women met the recommendations 
for fruit consumption in the Brisbane69 and Sydney71 populations 
respectively. The sample of pregnant women (n=606) participating in the 
Australian Longitudinal Study on Women’s Health,70 ,73 had their dietary 
intakes examined using a Food Frequency Questionnaire (FFQ).70 ,73 
Average dietary intakes of the key nutrients folate and iron fell below 
recommended levels for pregnancy70 and no women met AGHE 
recommendations for all food groups.73 
None of these studies compare dietary intakes across maternal BMI 
categories, but are consistent with results from an Australian overweight 
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sample (n=42) where only 11% consumed adequate dietary folate, 38% 
adequate dietary calcium and none achieved adequate dietary iron, when 
assessed using a research diet history.72 Of concern, the average intake of 
‘extra’ foods by overweight women in this latter study was 4.7 + 2.7 serves 
(range 1.4-15)72 above that recommended. 
Two studies in the US have examined ‘diet quality’ according to maternal 
BMI.74 ,75 The Alternative Healthy Eating Index modified for pregnancy75 and 
Dietary Quality Index for Pregnancy74 that were used to assess dietary 
quality in these studies both included assessments of fruit and vegetable 
intake, nutrients of folate, calcium and iron from foods, and a measure of fat 
intake. The quality scores were derived from intake data generated from 
FFQs in both studies. Laraia and colleagues (2007)74 studied US women (n= 
2,394), finding that, with increasing maternal BMI, the frequency of grain and 
fruit servings decreased and the proportion of women not meeting 
recommendations for iron and folate increased.74 Obese women had 
significantly lower intakes of vegetable servings compared to underweight 
women and a higher percentage energy from fat compared to underweight 
and healthy weight women.74 Diet quality scores for obese women were 
significantly lower than those for healthy and underweight women.74 
Consistent with these results, Rifas-Shiman et al (2009) examined 1,777 
Project Viva75 participants and observed poorer overall diet quality, a higher 
percentage of energy intake from fat and a lower fibre density amongst those 
women with an elevated pre-pregnancy BMI.75 
2.2.2.4 Summary 
While it is clear, in Australia, that pregnant women are not meeting key 
recommendations for food and nutrient intakes, how this differs according to 
maternal BMI is yet to be examined. With US data indicating poor diet quality 
associated with increasing maternal weight status, it is unlikely that the 
picture in Australia would be any different. 
2.2.3 Physical Activity 
Physical activity is safe in pregnancy,76 with beneficial effects on measures of 
fitness,77 foetal growth,76 ,78 blood pressure,77 ,79 glucose tolerance80 ,81 and 
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psychological health82. Potential benefits include control of maternal weight 
gain, improved emotional wellbeing and attenuation of the symptoms of 
pregnancy, including back pain, nausea, fatigue and constipation.83-85 The 
American Congress of Obstetricians and Gynecologists (ACOG) guidelines 
from 2002 suggest that 30 minutes or more of moderate exercise should be 
undertaken on an almost daily basis in pregnant women without medical or 
obstetric complications.86 
During pregnancy, a decrease in physical activity has been reported that may 
continue until well into the post-partum period.87 Poudevigne and O’Connor 
(2006) examined 31 pregnancy and exercise studies, concluding that both 
leisure time and job-related physical activity appear to decrease during 
pregnancy.88 According to this review, the reasons for these changes in 
exercise were multifactorial and complex, acknowledging that prior physical 
activity was important.88 
Gaston and Cramp (2011) examined 23 studies relating to patterns and 
determinants of physical activity in pregnancy.89 Two US-based studies 
reviewed, showed that between 11% and 16% of pregnant women were 
meeting guidelines for physical activity.89 This is lower than in an Australian 
study (n=262), which reported that 32% of women were sufficiently active 
early in pregnancy.69 The discrepancy in prevalence may be due to the 
definition of sufficient activity, as all of the studies used self reported data. 
The latter study used 150 minutes of activity, five days a week, as the cut-off 
point, whereas the previous two studies used weightings for the various 
intensities of the activities examined. Regardless of definitions, the majority 
of women appear to be falling short of physical activity recommendations 
during pregnancy. 
Nine studies in the Gaston and Cramp (2011)89 review explored the 
relationship between pre-pregnancy weight status and exercise in pregnancy. 
The results were deemed inconclusive. Three studies using different weight 
group cut-offs, reported that those of higher weight status were at a 1.3-1.8 
times increased risk of stopping involvement in sports on becoming 
pregnant.89 One study found that a higher BMI was predictive of an increase 
in exercise from pre-pregnancy to pregnancy.90 However, this same study 
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found that women who were ‘often’ exercising before pregnancy were more 
likely to maintain or decrease their exercise on becoming pregnant, whereas 
those who were ‘sometimes/rarely’ or ‘never’ physically active were more 
likely to increase their levels.89 ,90 Overweight women may see pregnancy as 
a time to increase their activity, however, comparisons with healthy weight 
women are complex, as it appears that active, healthy weight women may 
decrease their activity on becoming pregnant. The remaining four studies 
included in the review did not identify a relationship between BMI and 
exercise,89 perhaps because the level of activity prior to pregnancy in each 
group is an important determinant, which may not have been considered. 
Both the review from Gaston and Cramp (2011)89 and Poudevigne and 
O’Connor (2006)88 focussed on changes in physical activity levels related to 
pregnancy, rather than differences between groups on objective 
measurements. 
A Danish cross-sectional study (n=338) found that obese women had lower 
measured step counts per day, 11-13 weeks (7,558 vs 6,482) and 36-38 
weeks (6,289 vs 4,626), compared to healthy weight women (p<0.05).91 At 
18-22 weeks, obese women had lower average steps per day on weekends 
only91 (7,585 vs 5,706). The participants at each time point were not the 
same, making it difficult to draw conclusions regarding changes in activity 
over the pregnancy and the impact on GWG. 
2.2.3.1 Summary 
Overall, many pregnant women do not appear to achieve recommendations 
for physical activity during pregnancy. It is unclear if overweight women are 
at greater risk of failing to achieve these recommendations. Pregnancy is 
associated with changes in physical activity from pre-pregnancy levels, and 
these changes may be moderated by pre-pregnancy weight status. While this 
section of the literature review did not explore the reasons for these changes 
they are likely to be multifactorial, complex and include physical symptoms 
such as tiredness, back pain, incontinence, morning sickness and other non-
physical symptoms. A full review of these is beyond the scope of this thesis.  
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2.2.4 Gestational Weight Gain 
The purpose of weight gain during pregnancy is to optimise maternal and 
infant outcomes. The following section of the literature review will outline the 
composition of gestational weight gain, examine optimal GWG, the 
consequences of excess GWG and determinants of GWG. 
2.2.4.1 Composition 
Weight gained during pregnancy includes the products of conception, such 
as the foetus, placenta and amniotic fluid, and maternal accretion of tissues, 
including blood volume, extra cellular fluid, mammary and uterine gland 
expansion and fat stores.92 The most widely referenced model of GWG 
composition is that of Hytten (1990).92 This analysis of GWG is outlined in 
Table 2.4. This single point of reference is used as a guide for ‘normal’ 
pregnancy and was derived from records of healthy women with no dietary 
manipulation.92 With wide variations in GWG between women and 
pregnancies, this model should be used simply as a guide for the proportion 
of each component only. 
Table 2.4 Components of gestational weight gain for a woman gaining 12.4kg, 
delivering a 3.3kg baby92 
Components of GWG Increase in weight (g) up to: 
 10 weeks 20 weeks 30 weeks 40 weeks 
Foetus 5 300 1,500 3,400 
Placenta 20 170 430 650 
Amniotic fluid 30 350 750 800 
Uterus 140 320 600 970 
Mammary glands 45 180 360 405 
Blood 100 600 1,300 1,450 
Extracellular fluid 0 30 80 1,480 
Maternal fat stores 310 2,050 3,480 3,345 
Total 650 4,000 8,500 12,500 
 
There appears to be little variation between women in the accretion of protein 
during pregnancy, accumulated predominately in the foetus (44%) with 
smaller amounts in the uterus, blood, placenta and breasts.93 However, the 
majority of fat deposition occurs in maternal adipose tissues (85%) and the 
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foetus (14%), contributing to weight gain variability between individuals.6 Fat 
mass gains are positively correlated with GWG.6 
The measurement of fat mass during pregnancy is technically challenging 
and differences in methodology, to determine body composition changes in 
pregnancy, need consideration in interpretation of results. Two studies using 
similar four compartment models to estimate fat mass gain, report different 
results for fat mass in relation to maternal BMI. Lederman et al 199794 
measured body composition changes in 200 pregnant women between 14 
and 37 weeks gestation. The average fat gain (kg) was 3.9 + 3.7 for healthy 
weight (n=118), 2.8 + 5.4 for pre-obese (n=29) and 0.2 + 5.0 in obese women 
(n=28). Of note is that women with excess weight gain had higher gains of fat 
mass than those gaining within the recommended range, regardless of pre-
pregnancy weight status. The authors report that obese women had smaller 
changes in fat mass than all other groups.94 Butte and colleagues (2003)62 
found different results with fat mass gains (kg) of 5.3 ± 3.9, 4.6 ± 4.0, 8.4 ± 
4.1 in the underweight (n=17), healthy weight (n=34) and overweight (n=12) 
categories respectively. In the latter study, there were nine pre-obese and 
three obese women making up the overweight category, with these women 
gaining the most weight of all of the groups.95 While these studies report 
inconsistent results in relation to fat gain and pre-pregnancy BMI, they 
highlight the variability that has been observed and indicate that greater 
weight gains in pregnancy result in higher fat gain independent of initial 
weight status. 
2.2.4.2 Optimal gestational weight gain 
The IOM6 recommendations for GWG are based on observational studies of 
American women and have shown that women who gain within these 
recommendations are more likely to have positive maternal and infant 
outcomes than those that gain above or below the range6. While these 
guidelines discussed in this section were developed for intended use in the 
US, the authors acknowledge that they may be applicable to other developed 
countries. At the time this research being conducted there are no specific 
recommendations for the Australian population regarding appropriate GWG. 
However, the IOM guidelines6 are widely used to guide practice in Australia 
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and from a population perspective there are few differences between the US 
and Australian characteristics likely to influence maternal and child outcomes 
associated with GWG. More recently the IOM guidelines6 are included 
recommendations in the Australian Dietary Guidelines96 and provide further 
justification for their use.  
The IOM first published guidelines for GWG in 199023, which recommended 
gestational weight gain ranges according to maternal pre-pregnancy BMI. 
These ranges are outlined in the first column of Table 2.5. In a review 
conducted in 2000, weight gain within these guidelines was found to be 
associated with the best outcome for both mothers and infants.97 The primary 
outcome of concern in the 1990 IOM guidelines was the prevention of small 
for gestational age (SGA) babies and preterm delivery. However, there was 
also an “attempt to balance the benefits of increased fetal growth with the 
risks of complicated labor and delivery and of postpartum maternal weight 
retention”.23 With the increasing prevalence of overweight in women of 
childbearing age in the last 20 years, there has been growing criticism that 
these guidelines were too liberal and may perpetuate the obesity epidemic.98 
Further, no upper limit of weight gain was set for obese women.23 The 
controversy associated with the IOM guidelines, particularly regarding the 
lack of an upper limit for obese women, saw researchers investigating a 
range of perinatal outcomes with GWG by pre-pregnancy weight status.99-102 
Kiel et al (2007) analysed data from 120,170 birth records to examine GWG 
in obesity classes I (BMI 30.0-34.9), II (BMI 35.0-39.9) and III (BMI 40 or 
more) to identify optimal rates for each category.100 The authors used the 
upper limit of GWG for pre-obese women (11.5kg) to classify excess GWG, 
as, at the time, there was no upper limit for women over a BMI of 29 kg/m2. 
Across all classes of obesity, 46% of women gained too much weight, had 
greater odds of pre-eclampsia, caesarean delivery and large for gestational 
age (LGA) infants (>90th percentile for weight for gestation and race) (AOR 
range 1.2-2.2), with the risk increasing with obesity class. The authors 
conclude that limited or no weight gain in obese pregnant women has 
favourable pregnancy outcomes and recommended total weight gains in 
pregnancy based on class of obesity.100 
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In the same journal issue as the paper by Kiel et al,100 another study was 
published identifying optimal gestational weight gain for BMI categories.99 
This second study recommended much lower levels of gestational weight 
gains for all BMI categories for a decreased risk of adverse obstetric and 
neonatal outcomes, when compared to the IOM guidelines.99 However, the 
13 adverse outcomes (six maternal and seven neonatal) were grouped, 
rather than analysed separately. These outcomes, such as maternal venous 
complications and infant feeding problems, were not selected because they 
were based on an association with maternal weight or BMI and preterm 
deliveries. The results of these two studies need to be interpreted in the 
context of several limitations. Neither included a follow up of the mothers and 
offspring beyond the immediate perinatal period, the frequency and severity 
of adverse outcomes were not considered, GWG was categorised rather than 
analysed as a continuous variable with the categories varying between 
papers and pre-eclampsia was included as an adverse outcome, which does 
not have an established relationship with GWG.6 
The weight gain recommendations made by Kiel et al, Cedergren et al and 
the 1990 IOM guidelines are outlined in Table 2.5. 
Table 2.5 Summary of weight gain recommendations (in kg) by three different 
authors by pre-pregnancy weight status 
 IOM 199023 (kg) Cedergren et al99 (kg) Kiel et al100 (kg) 
Underweight  12.5-18 (BMI <19.8 kg/m2) 
4-10 
(BMI <20kg/m2) - 
Normal weight 11.5-16 (BMI 19.8-26.0 kg/m2) 
2-10 
(BMI 20-49.9 kg/m2) - 
Pre-obese 7-11.5 (BMI 26.0-29.0 kg/m2) 
<9 
(BMI25-29.9 kg/m2) - 
Obese > 6 (BMI>29 kg/m2) <6 (BMI>30 kg/m2) - 
Obese class I 
(30-34.9 kg/m2) - - 4.5-11.4 
Obese class II 
(35-39.9 kg/m2) - - 0-4.1 
Obese class III 
(> 40 kg/m2) - - Loss of 0-4.1 
 
A US cohort was used to compare obstetric outcomes using both the IOM 
1990 guidelines23 and the GWG guidelines proposed by Cedergren et al99 
(see Table 2.5). Potti et al103 (n=9,125) compared outcomes for women 
gaining appropriate weight according to these two guidelines and stratified 
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the analysis for healthy weight and obese women based on pre-pregnancy 
weight. Using the IOM 1990 guidelines23 compared to the Cedergren et 
al(2007)99 for recommended weight gain, rates of caesarean section, 
instrumental delivery and babies born >4,000g were higher, however, much 
lower rates of preterm delivery, babies born <2,500g and NICU admissions 
were observed.103 When making recommendations for appropriate weight 
gain, a balance between maternal and infant outcomes needs to be 
achieved, and the severity and long term consequences of these outcomes 
considered. 
In recognising that the weight status characteristics of women of child-
bearing age had changed, the IOM re-examined the guidelines for weight 
gain recommendations, publishing this revision in 2009.6 The publication 
spans over 250 pages outlining methods for guideline development, as well 
as key action and research recommendations. In the development of the new 
guidelines, the committee sought to identify a set of consequences for short- 
and long-term health in mothers and their offspring that were potentially 
causally related to GWG. Those outcomes considered were post-partum 
weight retention and emergency primary caesarean sections.6 Due to the 
lack of sufficient evidence for this causal link, pre-eclampsia and GDM were 
not included in the outcomes for maternal health. The outcomes considered 
for infants were size at birth, preterm birth and childhood obesity.6 The 
committee acknowledged that being SGA was associated with poor 
outcomes for the infant only, while being LGA has possible consequences for 
both mothers and infants through interventional deliveries.6 Within each BMI 
category, consideration was given to: 
• the incidence or prevalence of these outcomes, 
• whether such outcomes had permanent consequences (neurocognitive 
deficits) or were potentially modifiable (for example, post-partum weight 
retention), and 
• the quality of the available data. 
The new guidelines differ from those released in 1990 by using the WHO BMI 
classification and outlined an upper limit of weight gain for obese women. 
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Both of these changes address key criticisms of the older guidelines. The 
new total ranges and rates GWG based on pre-pregnancy BMI are outlined 
in Table 2.6. 
Table 2.6 New 2009 IOM weight gain recommendations for pregnancy6 
Pre-pregnancy BMI (kg/m2) Total weight gain 
range in kg 
Rates of weight gain*+ in 2nd and 3rd trimester
Mean (range) in kg/week 
Underweight (<18.5) 12.5- 18 0.51 (0.44- 0.58) 
Normal weight (18.5-24.9) 11.5- 16 0.42 (0.35- 0.50) 
Overweight (25.0-29.9) 7- 11.5 0.28 (0.23-0.33) 
Obese (> 30.0) 5- 9 0.22 (0.17-0.27) 
* Based on 0.5-2kg weight gain in first trimester 
+ Assumes GWG is linear in 2nd and 3rd trimesters 
 
The caveats around these recommended ranges are that they are used in 
combination with “good clinical judgement”6 and a discussion with each 
woman and her health care provider about diet and exercise.6 Prior to any 
modification to pattern of weight gain being recommended, clinical evidence, 
such as foetal growth and the characteristics of excess (for example, fat or 
fluid) or inadequate GWG, should be considered.6 
SUMMARY 
While there are no recommendations for appropriate gestational weight gain 
for Australian women, the new IOM guidelines6 are likely to be applicable to 
the obstetric setting in most developed countries. Although the evidence 
suggests that the amount of GWG that benefits the infant may be more than 
that benefitting the mother, a balance must be achieved.6 The new IOM 
guidelines6 have provided an upper limit to the weight gain recommendation 
for women who commence pregnancy obese. The comprehensive synthesis 
of evidence in the development of these guidelines adds to the confidence in 
their application. The weight status at the time of conception is an important 
component of the recommendations for healthy GWG. The new IOM 
guidelines6 will be used throughout this thesis as the basis for 
recommendations for appropriate weight gain in the Australian population. 
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2.2.4.3  Prevalence of excess GWG 
In Australia, women are not generally weighed as part of routine antenatal 
care, hence rates of excess gestational weight gain are not known. However, 
in a small Queensland study of overweight pregnant women (n=42), 52% 
gained weight above the new IOM recommendations6 by 36 weeks 
gestation.72 
UK and US estimates of excess GWG range from 40 to 70%.104,105-107 The 
prevalence ranges from about 40% in healthy weight women104 ,105, and 
between 56 to 70% of women who are overweight.104,105-107 The sample 
sizes, assessment timing and methods, and the old or new IOM guidelines 
used for categorisation contribute to the variability between studies. 
Data indicate that excess GWG is prevalent and likely higher in overweight 
women, compared to those of a healthy weight. An estimate of pregnancy 
related weight gain according to IOM recommendations6 across all BMI 
categories in Australia is needed. 
2.2.4.4 Consequences of excess weight gain for maternal and child 
weight 
Excess GWG gain has been associated with complications in the neonate, 
such as increased birthweight, assisted ventilation, special care nursery 
admission, infection and hypoglycaemia107 and, for the mother, post-partum 
weight retention and delivery complications.6 ,62 In overweight pregnant 
women, excess GWG has the potential to further compound the increased 
risk of a complicated pregnancy, adverse pregnancy outcomes and 
contribute further to overweight in mothers and offspring. This review will 
focus on the development of future overweight in mothers and offspring, due 
to the growing importance of this area. The short term neonatal, delivery and 
pregnancy complications associated with excess GWG are well established 
and beyond the scope of this thesis. 
FOR MOTHERS 
Excess gestational weight gain has been associated with post-partum weight 
retention.6 One particular longitudinal study, conducted prior to the obesity 
epidemic (1984/85), the Stockholm Pregnancy and Women’s Nutrition 
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(SPAWN), provides long-term follow up information on women’s weight 
development following pregnancy (n=463).108-112 Those women with excess 
GWG (using the 1990 IOM recommendations23) had a greater weight 
increase (10.3 + 8.5 kg) over the 15 year follow up than women who gained 
below (6.2 + 6.8kg ) or within the recommended (6.7 + 6.8 kg) weight gain in 
pregnancy.112 Furthermore, those women who had not returned to their pre-
pregnancy weight at six months or one year post-partum retained more 
weight (9.4 + 7.9kg) at the 15 year follow up. In this study, numerous 
confounding factors were considered, including lactation intensity, physical 
activity and eating habits, that are often neglected in this type of research. 
In the IOM guidelines review,6 14 studies demonstrated a consistent and 
moderate relationship between gaining above the IOM guidelines23 and post-
partum weight retention. This relationship was across all three follow up 
duration categories. of short-term (<11 weeks-four studies), intermediate (3 
months to 3 years-six studies) and long-term (>3 years-four studies).6 
Post-partum weight retention depends on dietary intake, physical activity and 
breastfeeding practices, factors that require adjustment in study analysis. A 
narrative review examining the relationship between GWG and post-partum 
weight change identified several studies confirming this positive relationship 
using multivariate models,113 with the strongest predictor of one year post-
partum weight retention being weight gained during pregnancy.113 However, 
the authors suggest that the magnitude of changes is difficult to estimate 
given variability in statistical methods and timing of follow up between 
studies.113 
More recently, a meta-analysis has aimed to quantify these changes from 
nine observational studies.114 There was limited consistency between studies 
for definition and methods for obtaining GWG, however, the majority defined 
post-partum weight retention as body weight after pregnancy minus pre-
pregnancy body weight.114 The findings suggest that gaining above the 1990 
IOM guidelines23 was associated with a mean increase in post-partum weight 
of 3.0kg (1.5, 4.6kg) after three years and 4.7 (2.9, 6.5kg) at 15 years.114  
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FOR OFFSPRING 
Evidence is emerging of a link between GWG and child adiposity. Since 
2007, 16 papers have been published examining GWG with future offspring 
overweight or adiposity.9 ,104 ,115-128 These studies are summarised in Table 
2.7 
The age of follow up ranged from three to about 42 years. While the majority 
of studies (11/16) were prospective studies, there is wide variability in the 
definition and measurement of outcome and exposure variables and 
confound factors adjusted that need consideration. Eight of these studies,9 
,118 ,119 ,123-127 directly assessed GWG over the pregnancy, rather than relying 
on self reporting, either during or following pregnancy. 
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Table 2.7 Summary of studies examining associations with gestational weight gain (GWG) and childhood overweight 
Author, 
year 
Study 
design* 
Population and 
sample size 
Aim  Outcome measures Results  Conclusion Comments on 
quality/interesting 
findings 
Andersen et 
al 2010120 
Prospective 
cohort 
Danish National 
Birth Cohort 
Denmark 
Births 1996-
2002. 
N=9,869 (24% 
original cohort) 
To investigate 
associations between 
GWG in early, middle and 
late pregnancy on 
offspring BMI at 7 years. 
 
Age at follow up: 7 years. 
Self report wt pre-preg, 16 wks, 30 
wks, total (reported at 6mths post-
partum). Self report ht. 
GWG g/week and total calculated 
Offspring ht &wt  parental report 
BMI continuous or dichotomised 
normal/overweight on age and sex 
specific cut offs.129 
 
Confounding: 
Child age at follow up, sex; 
maternal age, pre-preg BMI parity, 
smoking, paternal BMI, child 
birthwt, gestational age at delivery 
and SES, breastfeeding wt at 5 
and 12 months of age 
GWG significantly associated with 
child BMI 1st trimester(β 
coefficient  0.049 z score/z score 
(0.03,0.07) and 2nd trimester (β 
coefficient  0.06 z score/z score 
(0.04,0.08) no association at 3rd 
trimester. 
GWG in first and 
second trimesters, but 
not third trimester, were 
positively associated 
with offspring BMI at 7 
years of age.  
All measures relying 
on self reported 
information. 
No estimates of 
inadequate, adequate 
and excess GWG 
measures.  
Crozier et al 
2010104 
Prospective 
cohort 
Southampton 
Women’s 
Survey 
England 
 
Pregnancies 
1998-2002 
 
N=401 
To examine the relation of 
pregnancy weight gain 
with neonatal and 
childhood body 
composition 
 
Age at follow up: 
4 and 6 years 
Child ht measured, body comp 
DXA. 
GWG wt measured at 34wks 
gestation minus wt at conception, 
ht measured, 2009 IOM cut offs 
inadequate, adequate and 
excessive- recommended weekly 
gains used to adjust to 34 weeks 
gestation. 
Excessive GWG associated with 
greater child fat mass at 6 yrs (β 
coefficient 0.03 (0.11,0.49) 
p=0.002) but not 4 yrs. 
Appropriate GWG within 
2009 IOM guidelines is 
linked to lower levels of 
child adiposity. 
No child BMI measure 
used. 
 
Total GWG modelled 
rather than measured.  
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Fraser et al 
2010123 
Prospective 
birth cohort 
Avon 
Longitudinal 
Study of 
Parents and 
Children UK 
 
Pregnancies 
1991-1992 
 
N=5,154 
Examine the association 
of GWG and pre-
pregnancy weight with 
offspring adiposity and 
CVD risk factors. 
 
Age at follow up: 
9 years. 
GWG extracted from chart, last 
recorded wt minus first recorded 
wt. Maternal ht reported. 2009 
IOM cut off. 
 
Child ht and wt measured for BMI, 
fat mass assessed using DEXA, 
waist circumference measured. 
 
Confounding 
Gender, offspring age at follow up, 
pre-pregnancy BMI, gestational 
age at weight measurement, 
maternal age, parity, smoking in 
pregnancy, social class and mode 
of delivery. 
Excess GWG associated with 
greater BMI, waist circumference 
and fat mass. 
OR of overweight obesity 1.7 (1.4-
2.0). 
OR of central obesity 1.4 91.2-
1.6). 
Gaining more than IOM 
guidelines link to more 
adipose offspring. 
Weight gain in first 14 
weeks incrementally 
associated with 
offspring adiposity, but 
for between 14-36 
weeks only GWG > 
500g/wk associated with 
increased adiposity. 
Detailed data, used 
period specific GWG 
to look at 
associations. Also 
included blood 
measures. 
Laitinen et 
al124 
Prospective 
birth cohort 
Northern 
Finland Birth 
Cohort 
 
Pregnancies 
1985-1986 
 
N=6,637 
To evaluate the effect of 
maternal GWG on obesity 
and abdominal obesity of 
offspring at age 16 years 
controlling for potential 
confounders. 
GWG in first 20 weeks, measured 
wt minus self report pre-
pregnancy wt classified into 
quartiles <3kg, 3.0><5.0kg, 
5.0><7.0kg, >7.0kg. 
Pre-pregnancy BMI used self 
report ht and wt at 20 weeks. 
 
Child BMI, wt and ht measured 
(16 year old male and female BMI 
cut off 23.9 and 24.37kg/m2). WC 
measured (cut off >85 percentile 
for gender). 
 
Confounders 
Maternal pre-pregnancy BMI, Hb 
early in pregnancy, smoking, 
offspring gender, parity, maternal 
education. 
Highest quartile of maternal GWG 
associated with AOR 1.46 (1.16-
1.83) of being overweight and 
AOR of 1.37 (1.10-1.72 of 
abdominal obesity. 
High early pregnancy 
weight gain during the 
first half of pregnancy 
predicts offspring 
overweight and 
abdominal obesity at 16 
years.  
Total GWG not 
measured or 
considered. 
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Lawlor et 
al125 
Prospective 
cohort using 
data linkage 
Swedish 
Medical Birth 
Register and 
Swedish Military 
Service 
Conscription 
Register (Males 
only) 
 
Pregnancies 
1973-1988 
 
N=146 894  
(136,050 
families, 46,066 
with at least one 
brother) 
To examine the 
association of greater 
maternal weight gain with 
greater offspring BMI. 
 
Age at follow up 
18 years. 
Offspring BMI measured ht and wt 
Maternal wt gain (MWG) wt 
measured within 12 hours of 
delivery minus measured wt 10 
weeks gestation. 
 
 
Confounding 
Maternal age at birth, parity, 
diabetes in pregnancy, education, 
gestation age at birth and birthwt. 
In normal wt women overall 
positive association MWG and 
offspring BMI 18 yrs, not mediated 
by birthwt or gestational age. No 
association of MWG with offspring 
BMI within siblings for normal wt 
women. Positive association 
between MWG and offspring BMI 
within siblings and non siblings for 
overwt/obese women. 
In normal weight 
mothers, most of the 
association with MWG 
and offspring BMI is 
explained by shared 
familial (genetic and 
early environmental) 
characteristics, whereas 
in overweight and obese 
women intrauterine 
mechanisms appear to 
contribute.  
MWG excludes foetus 
and products of 
conception therefore 
considers greater fat 
gain by the mother. 
Note- cannot be 
compared directly 
with other studies, 
birthwt is often a 
product of GWG. 
 
Compared within 
siblings and within 
individuals. 
Mamun et 
al126 
Prospective 
birth cohort 
Mater-
University Study 
of Pregnancy 
and its 
Outcomes 
(MUSP) 
Australia 
 
Pregnancies 
1981-1983) 
 
N=2,432 
To examine the 
association between 
GWG and offspring BMI 
at 21 years. 
Offspring ht and wt measured, 
WHO adult BMI cut off used 
 
Maternal GWG extracted from 
chart, last measured wt minus self 
report pre-pregnancy wt in early 
pregnancy. IOM guidelines used 
as cut off 
 
Confounding: 
Maternal age at birth, education, 
parental ethnicity, maternal pre-
pregnancy BMI, smoking during 
pregnancy, hypertension in 
pregnancy, birthwt, and 
breastfeeding 
Excess GWG AOR 1.3 (1.0-1.8) 
overweight and 1.5 (1.0-2.1) 
obese at 21 (mediator and 
confounder adjusted). 
Greater WG 
independently 
associated with 
offspring BMI. 
Inadequate GWG 
used as referent 
category. 
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Margerison-
Zilko et al 
2012127 
Prospective 
cohort 
USA 
 
Pregnancies 
1959-1967 
 
N=3,015 
Investigate associations 
between trimester specific 
GWG and child BMI; and 
examine differences by 
maternal pre-pregnancy 
BMI. 
 
Age at follow up: 
5 years. 
Offspring ht and wt from medical 
records or measured CDC 
reference for BMI z score > 85th 
percentile= child overweight. 
 
Maternal ht and weight measured. 
GWG SR pre-pregnancy weight 
minus last measured weight in 
pregnancy. 
Trimester GWG calculated. 
 
Confounding: 
Maternal Pre-pregnancy BMI and 
paternal BMI, ethnicity, maternal 
age, length of gestation, 
education, marital status, parity, 
infant sex, pregnancy smoking. 
Each kg of GWG 0.02 (0.01,0.03) 
unit increase in child BMI z score 
and OR 1.04 (1.02,1.07) 
increased odds child overweight. 
 
First trimester GWG associated 
with child BMI OR 1.02 (1.02, 
1.09) child overweight. 
Each kg of weight gain associated 
with increase child z score for low 
and healthy weight but not high 
pre-pregnancy BMI. . 
Moderation of early 
weight gain and not 
“overly” restricting 2nd 
and 3rd trimester gain 
likely to promote 
healthiest weight in 
early child hood . 
 30% smokers in 
pregnancy. very low 
proportion of women 
outside healthy weight 
range (7% under and 
11% over). 
Moreira et al 
2007 
Cross-
sectional, 
retrospective 
analysis  
Portugal 
 
N= 4,845 
To assess the association 
between GWG and 
childhood overweight. 
 
Age at follow up: 
6-12 years. 
Child ht and wt measured BMI cut 
offs from Cole et al129 linked with 
overwt BMI 25. 
Self report parental ht, wt, GWG. 
 
Confounding: 
Gender, child birthwt, education, 
extent and duration breastfeeding, 
smoking during pregnancy, child 
physical activity, energy intake. 
All measures self reported by 
parents excepted energy intake 
assessed by 24hr diet recalls by 
children. 
Risk of child overwt associated 
with GWG >16kg AOR 1.27 
(1.01,1.61) (p=0.038)  compared 
to GWG <9kg. 
Large GWG (> 16kg) 
was significantly 
associated with higher 
risk of overweight. 
Used low GWG as 
referent category. 
 
Pre-pregnancy BMI 
not considered. 
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Oken et al 
2007118 
Prospective 
cohort 
Project Viva 
US 
 
Pregnancies 
1999-2002 
 
N=1,044 
To examine the 
associations of GWG with 
child adiposity. 
 
Age at follow up: 
3 years. 
Child measured ht and wt, skin 
folds Child overwt BMI > 95th 
percentile  age and sex specific 
2000 CDC reference charts. 
Maternal measured ht, wt prior to 
delivery, self report pre-preg wt. 
GWG categories by 1990 IOM cut 
offs inadequate, adequate and 
excessive. 
Confounding: 
Maternal ethnicity, age, education, 
parity, household income, glucose 
tolerance, paternal ht and wt, child 
sex, birthwt, gestational age. 
GWG associated with higher child 
BMI z score (0.13 units per 5kg 
(0.08,0.19)). 
 Compared to inadequate GWG 
(0.17 units (1.01,0.33)) women 
with adequate or excess GWG 
children higher BMI z score 0.47 
(0.37,0.57) and 0.52 (0.44,0.61) 
respectively. 
Child of overweight adequate 
GWG OR 3.77 (1.38,10.27) or 
excess GWG 4.35 91.69,11.24). 
Mothers with higher 
GWG had children at 
higher risk of overwt 
early in childhood. 
Used inadequate 
GWG as referent 
category. 
Oken et al 
2008117 
Retrospective 
cohort 
Growing Up 
Today Study 
Cohort 
US 
 
N=1,1994 
To study associations with 
GWG with offspring 
weight status in 
adolescence. 
 
Age at follow up: 
9-14 years. 
Child wt and ht maternal report 
Child BMI z score overweight 85-
94th percentile, obese >95th 
percentile age and sex specific 
charts. 
 
Maternal pre-preg wt, GWG self 
report. 
1990 IOM categories inadequate, 
adequate, excess. 
 
Confounding: 
Maternal age, smoking, household 
income, parent education, child 
ethnicity, gestational age, sex age 
at 1996 and tanner stage, GDM, 
breastfeeding duration, child 
activity and diet behaviours and 
birthwt. 
Compared to adequate GWG, 
women with excess GWG had 
children with higher Z scores 0.14 
(0.09,0.18) and higher odds 
obesity AOR 1.42 (1.19,1.70) and 
overweight AOR 1.27 (1.12,1.44). 
Inadequate weight gain 
associated with reduced risk child 
overwt AOR 0.97(0.84,1.12) and 
obesity AOR 0.91 (0.74,1.13). 
No effect modification by maternal 
pre-preg BMI category. 
GWG is directly 
associated with BMI and 
risk of obesity in 
adolescence. 
Self report all weight 
measures. 
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Olson et al 
20089 
Prospective 
cohort 
Bassett Mothers 
Health Project 
US 
  
Pregnancies 
1994-1996 
 
N=208 
To determine the 
importance of GWG as a 
predictor of overweight in 
offspring at age 3 years 
and if its influence varies 
by maternal BMI. 
 
Age at follow up: 3 years. 
Offspring measured  wt, and ht 
extracted from clinic records at 1 
and 3 years overwt > 85th 
percentile age and sex specific. 
Maternal measured wt in 1st 
trimester pregnancy and 
measured ht used for BMI. 
Net GWG wt at last antenatal visit  
minus infant birth wt and wt at 1st  
antenatal visit GWG categorised 
using 1990 IOM categories:  
<recommended, recommended, > 
recommended. 
Confounding: household income, 
smoking, exclusive breastfeeding 
to 6 months, parity, infant birthwt. 
Offspring of overwt (early preg 
BMI>26)  more likely to be overwt 
than children of mothers with early 
preg BMI <26 (40.0% vs 24.2% 
p=0.02). 
No relationship between child 
overweight and GWG for mothers 
with BMI<26 GWG> IOM (23.7%) 
GWG< IOM (24.4%) (p=0.9). 
Net GWG not significantly 
associated with childhood owt but 
significant interaction with 
maternal BMI OR 1.006 (p=0.03). 
Excess weight gain is 
associated with 
increased risk of child 
overwt at 3 years and its 
impact is greater with 
BMI >26 than women 
with healthy BMI. 
Used Net GWG in 
analysis rather than 
total. 
 
Small numbers. 
 
Interesting statistical 
modelling included in 
paper. 
Reynolds et 
al 2010121 
Prospective 
cohort 
Motherwell Birth 
Cohort 
Scotland 
 
Births 1967-
1968 
 
N=276 
To examine whether 
maternal body 
composition and GWG 
have persisting effects on 
offspring adiposity in early 
adult hood. 
 
Age at follow up: 
30 years. 
Offspring measured ht & wt, 4 skin 
folds at follow up BMI > 25 overwt. 
GWG extracted from medical 
records. 
Confounding: 
Age, gender, social class, 
offspring and activity levels. 
% body fat greater in offspring 
with higher maternal BMI 1st 
antenatal visit (0.35% per kg/m2; 
p=0.001). 
R2=0.26 (p=0.001) offspring BMI 
with maternal GWG. 
Predictors offspring overwt 1st 
antenatal visit BMI (z) 1.99 
(1.45,2.73, p<0.001); GWG (z) 1.4 
(1.06-1.85, p=0.018). 
Adiposity in early 
adulthood is influenced 
by prenatal influences 
independent of current 
lifestyle factors. 
Potential confounding 
variables adjusted for 
unclear, 
measurement not 
stated. 
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Schack-
Nielsen et al 
2010122 
Prospective 
cohort 
Copenhagen 
Perinatal Cohort 
Denmark 
 
Births 1959-
1961 
 
N=4,234 
To examine whether 
GWG is associated with 
offspring BMI in childhood 
through adulthood and 
assess effects are 
mediated through effects 
on early life BMI. 
Age at follow up: 
42 years. 
Offspring ht and wt measured 7-
14 years, self report ht, wt at 42 
years. 
BMI > 30 obese. 
GWG <6kg, 6-8kg, 9-10kg, 11-12 
kg, 13-15kg, >16kg- unclear how 
obtained, not measured. 
Confounding: sex, maternal age, 
pre-preg BMI, parental social 
class, main income parent 
education, single mother status, 
maternal smoking, oedema in 
pregnancy, preterm birth. 
At 42 years increasing risk obesity 
with GWG OR 1.08 (1.03-1.14 per 
kg of GWG, p=0.003). 
Increased risk obesity OR 2.36 
(1.08,5.15) for GWG >16kg vs 
GWG<6kg). 
Only half association of GWG on 
offspring adult BMI mediated 
through birthwt and BMI up to 14 
years. 
No consistent interaction between 
maternal BMI and GWG in 
relation to offspring BMI Z score. 
Greater GWG 
associated with 
increased BMI in 
childhood through 
adulthood with only part 
of association mediated 
by childhood BMI. 
Unclear how GWG 
was determined, 
possibly extracted 
from records.  
Stamnes 
Kopp et al 
2012128 
Prospective 
cohort 
Norwegian 
Mother and 
Child Cohort 
Study 
 
Pregnancies 
2000-2009 
 
N=31,169 (only 
5,898 fathers 
data) 
To estimate associations 
between maternal and 
pre-pregnancy BMI or 
GWG during pregnancy 
and offspring BMI. 
 
Age at follow up: 
3 years. 
Offspring, maternal report ht and 
wt at 3 years. BMI at 3 years 
outcome. 
 
GWG difference between SR pre-
pregnancy weight and SR weight 
at 30 weeks gestation. 
 
WHO classification of weight 
status from self report pre-
pregnancy wt and ht. 
 
Confounding:  
Maternal age, parity, education, 
smoking in pregnancy, exercise, 
infant birthwt, breastfeeding at 6 
months, day care, media viewing, 
paternal BMI. 
Child BMI increased from 16.0 (no 
weight gain) to 16.3 (gaining 
>20kg) p<0.001. 
 
Offspring BMI increased with 
increasing maternal BMI and 
GWG in all weight status 
categories. 
Both maternal pre-
pregnancy BMI and 
GWG positively 
associated with mean 
offspring BMI at 3 years.
GWG to 30 weeks 
only. SR weight used. 
Complex statistical 
modelling. Separated 
study samples those 
with and without 
paternal data. 
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Stuebe et al 
2009116 
Retrospective 
cohort 
Nurse’s Health 
Study II and 
Nurses’ 
Mothers’ Cohort 
USA 
 
Births 1946-
1964 
 
N=26,506 
To assess the relationship 
between recalled 
maternal pre-preg BMI, 
GWG and daughter 
adiposity. 
 
Age at follow up: 
18 years and 36-56 years.
Offspring self report ht and wt 
both follow up time points BMI > 
30 obese. 
Maternal self report GWG (kg)  
<4.5, 4.5-7kg, 7-8.5, 9-13, 13.5-
18, >18 or don’t remember. 
Confounding: 
History of diabetes, smoking 
status, pregnancy nausea and 
vomiting, maternal physical 
activity, birth order, demographic. 
Compared Maternal GWG 7-
8.5kg, GWG<4.5kg risk obesity 18 
yrs OR 1.54 (1.02,2.34), 
adulthood OR 1.27 (1.05, 1.53). 
GWG>18kg risk obesity 18 yrs 
OR 1.81 (1.22,2.69) adulthood 
OR 1.74 (1.48,2.04). 
Associations stronger for mothers 
overwt prior to pregnancy (p for 
interaction=0.03). 
Both constrained and 
excessive maternal 
weight gain during 
pregnancy as well as 
high BMI are associated 
with adolescent and 
adult adiposity in the 
daughter. 
All based on recalled 
information. 
Wrotniak et 
al 2008119 
Retrospective 
cohort 
US Birth cohort 
Collaborative 
Perinatal 
Project 1959-
1965 
 
N=10,226 (37% 
of initial cohort) 
To examine the 
association of GWG with 
offspring overweight. 
 
Age at follow up: 
7 years. 
Child overwt > 95th BMI percentile 
for age and sex-  
measured weight and height at 7 
yrs. 
GWG: wt measured at delivery – 
self report pre-preg wt 1st 
antenatal visit. 
GWG using IOM 1990 ranges. 
 
Confounding: maternal race, pre-
preg BMI, smoking, gestational 
age at delivery, child sex, first 
born status, study site, birthwt. 
Child overwt 14.7% Maternal 
BMI>29 + excess GWG. 
Child overwt 
‐ Excess GWG vs 
recommended GWG AOR 
1.48 (1.06,2.06). 
‐ BMI> 19.8 Excess GWG vs 
recommended GWG AOR 
1.48 (1.05,2.08). 
‐ BMI<19.8 Excess GWG vs 
recommended GWG AOR 
3.26 (0.95,11.16). 
Improving compliance 
with GWG 
recommendations may 
be important in 
preventing childhood 
obesity. 
Low prevalence of 
overwt(18%) and 
excess GWG(11%), 
high prevalence 
inadequate 
GWG(65%)- likely 
consistent with study 
period. 
*as reported by study authors; GWG=gestational weight gain; CVD=cardiovascular disease; BMI=body mass index; overwt=overweight; pre-preg=pre-pregnancy; AOR=adjusted odds ratio; 
ht=height; wt=weight; DXA dual x-ray absorptionometry; tv=television. 
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There is a consistent, positive association across all studies between GWG 
and offspring overweight. There is the potential that early GWG may be most 
influential. However, there is variability between study results examining the 
relationship for different BMI subgroups. Pre-pregnancy BMI may be a 
moderator; however, the nature of the relationship is unclear, particularly in 
light of the paper by Lawlor et al (2011). Pre-pregnancy BMI may be a 
marker of genetic propensity for obesity in both mother and offspring. 
There is a mix of studies examining cohorts with delivery prior to the obesity 
epidemic and some since the increase in obesity rates. The differences in 
exposure to obesogenic environments may be contributing to some 
inconsistencies in associations observed for different study populations. 
One study conducted interesting statistical modelling to calculate OR for 
childhood overweight at three years of age using maternal BMI and IOM23 
GWG categories from their study data.9 This was a small study with only 208 
mother/child dyads.9 The models are based on a woman with a healthy pre-
pregnancy BMI, who apparently gained weight within the IOM 
recommendations and delivered a median weight infant (3,600g) as the 
reference category; these OR can be seen in Table 2.8. Of note is that the 
net GWG is the total GWG minus the median birthweight of 3,600g. This 
study suggests that, while excess GWG in obese women poses the greatest 
risk, excess GWG in all pre-pregnancy weight categories is associated with 
an increased risk of childhood overweight at three years old.9 
Table 2.8 Calculated OR for childhood overweight from different maternal pre-
pregnancy BMI and GWG combinations from Olson et al (2007)9 
Hypothetical woman BMI (kgm2) Net GWG (kg)† OR for childhood overweight at 3 years 
23 7 0.485 
23 9 1 (Ref) 
23 11.5  2.060 
23 13.5  4.245 
27 7 1.063 
27 9  2.468 
31 7 2.326 
31 9 6.089 
†Total GWG minus median infant birthweight (3,600g). 
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SUMMARY 
Excess gestational weight gain has the potential to influence the future 
development of obesity in mothers and offspring. Studies to date vary 
considerably in the populations examined and study methodology used. 
Nevertheless, evidence suggests that, while the risk of future overweight 
appears greater for the offspring of women who commence a pregnancy 
overweight, those children born to healthy weight women, with excess GWG, 
are not immune. 
2.2.4.5 Behavioural influences on gestational weight gain 
DIETARY INTAKE 
Two reviews have specifically evaluated the observed association between 
dietary intake and GWG6 ,130 and a review of energy and protein intake in 
pregnancy included GWG as an outcome.131 The most recent of these 
included nine studies reporting energy intake or density, assessed through a 
variety of dietary measures at different times during pregnancy.130 The 
definition of GWG and the measurement, definition and adjustment of 
confounding factors was not consistent between studies.130 However, over 
half reported an association between GWG and energy intake and those not 
reporting an association tended to have small sample sizes.130 Protein intake 
was significantly associated with GWG in two of three studies, however, it is 
unclear if protein was adjusted for energy intake and only one of these 
adjusted for confounding factors.130 
In a Cochrane Review examining the impact of energy and protein intake in 
pregnancy for improving foetal growth, ten trials (2,571 women) with 
balanced energy and protein supplementation showed a small, but 
significant, increase in GWG of 20g/week [1-40].131 In three trials (n=303), 
protein and energy restriction was associated with a reduction in weekly 
GWG (weighted mean difference -230 [-348, -113] g/week in overweight 
women during pregnancy.131 However, the authors concluded that this 
restriction is unlikely to be of benefit and may be harmful to foetal growth and 
development.131 
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The 2009 IOM guideline6 review included an additional study that used a 
proxy measure of energy intake. Pregnant women (n=622) were asked how 
the amount of food eaten since beginning pregnancy had changed.132 
Compared to no change, consuming much more food was associated with a 
1.7kg greater weight gain, while consuming much less was associated with 
1.4kg lower weight gain.6 ,132 
In addition to energy and protein intake, two reviews considered other dietary 
factors associated with GWG. Increased GWG was associated with a higher 
proportion of lipids from animal sources,130 a higher percentage of energy 
from fat and a lower percentage from carbohydrate, and consumption of dairy 
products and sweets in later pregnancy.6 Lower GWG was associated with a 
vegetarian diet and a lower proportion of intake from carbohydrates,130 less 
than three snacks per day, three or more servings of fruit per day and a lower 
glycaemic index diet.6 These associations were only reported in a single 
study within each of these reviews and do not provide sufficient evidence to 
draw conclusions about specific dietary factors and GWG. 
PHYSICAL ACTIVITY 
Theoretically, energy expenditure has the potential to influence GWG. 
Methodological issues associated with measuring physical activity, including 
type, intensity and duration, make the demonstration of this relationship 
difficult. The review of the IOM guidelines6 cited two meta-analyses and three 
other reviews, which concluded that GWG was not influenced by physical 
activity during pregnancy. A key criticism from the authors of the IOM review 
was that there was little consideration given to the level of energy 
expenditure related to the physical activity6 
Many observational studies use self reported, physical activity during 
pregnancy. The two Scandinavian studies discussed in detail in the IOM 
review6 used questionnaires to assess physical activity levels (PAL), one in 
the first trimester133 and the other in the third trimester.134 Neither study 
reports on the validation of the questionnaire items used, however, both 
found an association between PAL and GWG. The authors found no 
difference in second trimester GWG in 223 women between low, medium 
and high pre-pregnancy PAL.133 However, women with high pre-pregnancy 
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PAL gained 0.1kg/week less in the third trimester than those with a medium 
or low PAL.133 The second study included 467 women and found only those 
with regular exercise in the third trimester gain significantly less weight than 
inactive women.134 
In 1995, a study examined body weight and composition changes (assessed 
by skin folds in n=44) associated with stopping or continuing physical activity 
during pregnancy.135 During the first and second trimesters, there was no 
difference between groups, however, those continuing to exercise had a 
reduced rate of weight gain and fat deposition in the third trimester135 
compared to those who ceased. Overall, there was a 3kg difference in weight 
gained, with exercisers having 9mm less total sum of skin fold thickness.135 
Not included in the IOM review of the contribution of physical activity to 
GWG6 was a paper by Olson and Strawderman (2003) that assessed change 
in physical activity associated with pregnancy.132 Women (n=622) were 
asked to rate how the amount of physical activity had changed since 
pregnancy.132 Compared to women reporting increased or no change in their 
amount of activity, women who reduced the amount of activity had an AOR of 
1.6 [1.1-2.6] for excess GWG.132 In a separate study of 122 women, using 
the same response categories as Olson and Strawderman (2003),132 women 
who reported themselves as less active than others were four times more 
likely to gain excess weight than those who reported being equally as active 
as others.136 
Based on the evidence to date, it appears that physical activity has a 
favourable influence on GWG, however, methodological issues present 
difficulties in drawing definitive conclusions. Based on energetic principals 
alone, increased energy expenditure should impact on GWG. However, the 
individual women’s changes in their typical activity levels across pregnancy 
may influence the nature of this relationship. 
SUMMARY 
Evidence suggests that the balance between energy intake and expenditure 
is an important determinant of GWG. However, specific details of 
macronutrient profiles, food types, food patterns, and the type, duration, 
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intensity and pregnancy related changes in physical activity that impact on 
overall GWG are less clear. 
2.3 CHANGING HEALTH BEHAVIOURS 
2.3.1 Health Behaviour and Education 
Health behaviours have been defined as actions that relate to health 
maintenance, restoration and improvement, and may be influenced by 
personal attributes, such as beliefs, expectations, motives, values and 
perceptions, as well as personality characteristics, including emotional state 
and traits,.137 While health behaviours are important in the maintenance of 
health and the prevention of disease, behaviour modification is complex. 
A key component of many interventions targeting lifestyle health behaviours 
is improving knowledge with the view that this will lead to behaviour change 
in the desired direction.138 ,139 However, research has demonstrated that, 
while knowledge and attitudes are relatively easy to change, behaviour 
modification does not directly follow.138 Health behaviour theories provide a 
framework for conceptualising the complexity of behaviour change. Through 
examining determinants of health behaviours, theories guide researchers and 
practitioners to identify and select appropriate health education strategies to 
elicit changes in behaviour. 
2.3.2 Health Behaviour Theories 
Several theories of health behaviour have been outlined in the literature and 
some theories are more widely applied than others. While it is acknowledged 
that there are many other influences on the behaviour of individuals, the 
nature of health care service delivery predisposes professionals to focus their 
efforts on changing individuals’ health behaviours. Following is an overview 
of the more prominent theories applied to lifestyle health behaviours. 
2.3.2.1 Health Belief Model 
The Health Belief Model (HBM) postulates that an individual’s performance of 
a particular health behaviour is a product of several beliefs. The HBM, a 
dominant framework in health behaviour research, has evolved since it was 
initially proposed in the 1950s.140 This evolution has likely contributed to 
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various iterations of the model within texts and literature. The beliefs forming 
the constructs consistently reported between authors140-143 include: 
• perceived susceptibility: the extent to which a person believes that they 
will get a particular illness; 
• perceived severity: a person’s perception of the seriousness of the 
illness consequences; 
• barriers: costs or negative aspects associated with a particular health 
action; 
• benefits: the efficacy of adopting the behaviour to reduce the disease 
threat. 
Socio-demographic factors are thought to indirectly modify the model through 
influencing these beliefs. 
Additional constructs suggested to be included in the model are: 
• cues to action: a trigger, such as an event or publicity campaign, can, 
when certain beliefs are held, move someone to adopting a target 
behaviour140-142; 
• health motivation: an individual’s readiness to be concerned about the 
health threat141; 
• perceived self efficacy: the belief that a person can successfully adopt a 
specific behaviour.140 ,143 
The HBM has been applied to the prediction of numerous health behaviours, 
including diet and exercise, in diverse population groups.141 A difficulty in 
applying the model is that there is no guidance on the relationship between 
these constructs and how the combination of these constructs leads to the 
behavioural outcomes.140 ,142 Inconsistency in the range of constructs 
included, and the lack of guidance on how these constructs relate to each 
other, has resulted in inconsistent methodologies and analysis being 
employed to apply the HBM. 
2.3.2.2 Social Cognitive Theory 
The notion that human behaviour is governed by an interaction of personal, 
behavioural and environmental influences, referred to as reciprocal 
determinism is core to Social Cognitive Theory (SCT)144. This theory 
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suggests that people will perform behaviours if they believe they have control 
over the outcome, perceive few external barriers to achieving the outcome 
and have confidence in their ability to reach the goal142. Originating as Social 
Learning Theory, SCT has developed through the years. The number and 
categorisation of constructs reported by different authors appears to vary, 
potentially as a result of this ongoing development. 
The key constructs are: 
• perceived self efficacy: an individual’s confidence in their ability to 
perform the target behaviour, including their perception of control145; 
• outcome expectations: beliefs about the expected costs and benefits of 
different health behaviours, including physical, social and self-
evaluative146; 
• goal: the health goals people set for themselves and their plans for 
achieving them145; 
• socio-structural factors: perceived facilitators and impediments to the 
desired behaviour change.146 
The theory is focussed on observational learning and that, with the 
appropriate knowledge, self empowerment and ownership of one’s learning 
and capabilities, a positive change in health behaviours can be realised.146 
The interaction of key constructs is outlined in Figure 2.1. 
 
Figure 2.1 Diagram of SCT constructs and interactions146 
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The construct of self efficacy has become the dominant component of the 
SCT model, featuring frequently in health behaviour research145 and 
integrated into other health behaviour models.142 Social Cognitive Theory has 
an extensive research base in weight control and preventative health 
behaviours,147-149 with self efficacy and outcome expectations dominant in 
most studies.145 Self efficacy has been shown to strongly predict health 
intentions and health behaviour in a wide range of behaviours, including 
physical activity, nutrition and weight control.145 
2.3.2.3 Theory of Planned Behaviour 
The Theory of Planned Behaviour (TPB) assumes that the best predictor of 
behaviour is behavioural intention, and that this intention is influenced directly 
by three basic determinants: 
• attitudes: positive or negative evaluation of the target behaviour; 
• subjective norms: perceived social pressure to perform the behaviour; 
• perceived behavioural control: perception of the ease or difficulty of 
performing the behaviour.150 
Attitudes are determined by behavioural beliefs (beliefs about outcomes or 
attributes of the behaviour) and evaluation of these outcomes.151 Subjective 
norms are a product of normative beliefs (the perception that important 
people or groups approve or disapprove of the target behaviour) and 
motivation to comply with such norms.151 Perceived behavioural control is 
influenced by control beliefs (the perception of barriers and facilitators to the 
target behaviour) and perceived power (the impact these barriers and 
facilitators will have on the behaviour).151 A clear description of the links 
between constructs, the resulting intention and behaviour and how this 
should be used to design interventions is included in the TPB.142 Forming an 
intention to change behaviour does not always lead to the intention being 
realised. This intention-behaviour gap is omitted from the TPB. A key 
criticism of the application of this theory is the higher predictive value for 
intention, rather than actual behaviour.142 Despite this criticism, the TPB has 
been extensively used in research to predict a number of health behaviours, 
including physical activity, dietary behaviours and breastfeeding.151 
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2.3.2.4 Transtheoretical model 
The Transtheoretical Model (TTM), also known as the Stages of Change 
Model, consists of five constructs. The stages of change focus on five phases 
that individuals may find themselves moving through in the process of 
behaviour modification. These stages are: 
• precontemplation: the individual has no intention for change or action.; 
• contemplation: the individual is beginning to consider change in the 
coming months; 
• preparation: changes are being planned in the immediate future; 
• action: behaviour change is engaged, 
• maintenance: state of continuous change is reached, with individuals 
working on relapse prevention.152 Relapse prevention involves 
reframing a failure as a learning experience and reengaging in the 
change process.142 
Within this model, ten processes of change are outlined that affect the 
transition between stages and required targeted interventions. The processes 
are: 
• consciousness raising: finding and learning new information that 
supports health behaviour change; 
• dramatic relief: experiencing negative emotions associated with risky 
health behaviours followed by relief, if action is taken; 
• self re-evaluation: assessment of one’s identity with and without an 
unhealthy behaviour; 
• environmental re-evaluation: realising the impact that the healthy or 
unhealthy behaviour has on one’s social and physical environment; 
• self liberation: belief that one can change and making a commitment to 
doing so; 
• social liberation: realising social norms are changing in the direction of 
supporting behaviour change; 
• counter-conditioning: substituting unhealthy behaviours and thoughts 
with healthy ones; 
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• stimulus control: removing cues for unhealthy behaviours and replacing 
these with reminders for healthy alternatives; 
• contingency management: planning for setbacks and increasing 
rewards for positive behaviour change; 
• helping relationships: developing social support for healthy changes.152 
,153 
Decisional balance (the weighing of positive and negative aspects of 
change), self efficacy (specific confidence in one’s ability to cope with high-
risk situations without relapse) and temptation (the intensity of urges to 
engage in a specific behaviour) have inconsistently been considered as 
constructs within this model. 
There is extensive research using the TTM for interventions to elicit change 
in a wide range of health behaviours, including within diverse population 
groups.152 A key strength of this model is the ability to target interventions for 
each stage of change and the processes being undertaken. However, while 
the stages themselves have been well researched, the processes of change 
have not, and it has been suggested that the definition and measurement of 
each stage and process requires further research.153 Nevertheless, using the 
TTM to design interventions targeted for a specific stage of change for 
dietary and exercise behaviour has been shown to be successful.152 
2.3.2.5 Health Action Process Approach (HAPA) 
The HAPA is a relatively recent model of behaviour change that claims to 
move from predicting behavioural intention to describing action.154 The theory 
postulates that the adoption, initiation and maintenance of health behaviours 
is a product of two distinct phases: the motivation (pre-intentional) phase and 
volition (self-regulatory or action) phase153 ,155 During the motivation phase, 
beliefs about risk, outcomes and self efficacy influence a person’s intention to 
act. The volition phase is characterised by planning to act, initiating the action 
and coping with the difficulties associated with implementing the action 
successfully. This latter phase can be broken down further into a planning 
phase, an initiation phase and a maintenance phase.153 The key constructs 
of this model are similar to the SCT constructs of intention, outcome 
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expectations, self efficacy, risk perception and planning.156 Important in this 
model and a key distinction from the SCT is the phase-specific self efficacy. 
During the motivation phase, action self efficacy, the optimistic belief that one 
will be successful in engaging in the behaviour is important.155 The volition 
phase is characterised by maintenance (or coping) self efficacy, representing 
the belief that a person can manage difficulties that arise in the maintenance 
phase, and recovery self efficacy, indicating the ability to recover from failure 
and setbacks.155 Figure 2.2 outlines the relationship between each phase 
and constructs. 
 
Figure 2.2 Generic diagram of the elaborated HAPA model156 
HAPA has been used to guide interventions to change unhealthy eating 
habits and to prompt health enhancing behaviours142 and physical activity 
habits.155 However, the author of the model acknowledges that many 
questions remain unanswered when trying to understand changes in health 
behaviour.157 
2.3.2.6 Summary 
There are numerous health behaviour theories reported in the literature 
examining determinants of health behaviours. Continuum models, such as 
HBM, SCT and TPB, try to identify these predictors of behaviour in a linear 
fashion. Staged models, such as TTM and HAPA, differ, with the assumption 
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that behaviour change occurs in discrete stages and determinants differ 
depending on which stage a person is undertaking. As expected from 
theories that all seek to explain or predict health behaviours, there is 
considerable overlap in the constructs or principles included. This overlap 
has implications for the planning and evaluation of interventions. While 
interventions may be based strictly on a single theory, it could be argued that 
the significant overlap in constructs amongst dominant theories present 
opportunities for practitioners and researchers. 
2.3.3 Using Theory to Design Intervention 
Health behaviour theories not only allow a better understanding of health 
behaviour, but provide a basis for the development and evaluation of 
interventions to improve health.158 While there remains some controversy 
about the effectiveness of individual theories, one particular meta-analysis  
indicates that theoretically derived interventions, incorporating appropriate 
behaviour change techniques are more effective in changing behaviour than 
those that are not theoretically informed.159 However this does not guarantee 
that an intervention theoretically derived with necessarily be successful.  
For intervention planning and delivery, one single theory may not need to be 
selected. It has been proposed that the integration of constructs to 
complement each other may help to develop more effective health 
programs.160 Several authors have suggested that, while many constructs in 
most behavioural theories have different terminology, when measured, they 
are essentially the same.158 ,160 ,161 Table 2.9 provides an overview of the 
overlapping constructs in the dominant theories reviewed in this section. An 
integrated theory may allow for more consistent mapping of successful 
methods and strategies for modifying behavioural determinants.162 ,163 
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Table 2.9 Similarities of constructs in five health behaviour theories (adapted from Noar and Zimmerman 2005158) 
Social cognitive 
determinant of health 
behaviours 
Concept HBM SCT TPB TTM HAPA 
Attitudinal beliefs Appraisal of positive and 
negative aspects of 
behaviour and expected 
outcome 
Benefits and barriers Positive and negative 
outcome expectations 
Behavioural beliefs Pros and cons -part of 
decisional balance  
Outcome expectations 
Self efficacy Confidence in one’s ability 
to perform a behaviour 
Self efficacy (later addition 
to model) 
Self efficacy Perceived behavioural 
control 
Self efficacy/ temptation Task, recovery and 
maintenance self efficacy 
Normative and norm-
relative beliefs 
Belief that others want you 
to engage in behaviour 
and/or responses to one’s 
behaviour that modify the 
likelihood one will engage 
in behaviour 
Cues to action from media 
and friends 
Social support Subjective norms Helping relationships - 
Intentions Setting goals, making a 
commitment, intending or 
planning to perform a 
behaviour 
- Self regulation Behavioural intentions Contemplation and pre-
contemplation 
Intention 
Risk related beliefs Belief that one is at risk if 
the behaviour is not 
engaged in and the 
consequences may be 
severe 
Perceived susceptibility 
and severity 
- - Dramatic relief; part of the 
process of change 
Risk perception  
HBM=Health Belief Model; SCT=Social Cognitive Theory; TPB=Theory of Planned Behaviour; TTM=Transtheoretical Model; HAPA=Health Action Process Approach 
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Once the target behaviour for modification has been determined, the next 
stage in designing an intervention based on an integrated theory is to identify 
the factors that influence performance of this behaviour.160 Through 
measuring the constructs common among dominant health behaviour 
theories—intentions, self efficacy, norm related beliefs, perceived risk and 
attitudinal beliefs—conclusions may be drawn about those engaging in and 
those not engaging in a target behaviour.160 Population-specific assessment 
of these characteristics will help to build an understanding of their 
contribution to target behaviours. This is likely to improve the effectiveness of 
interventions through explicitly addressing those characteristics supporting 
change.160 
While health behaviour research has focussed on predicting or explaining 
health behaviours, there has been less focus on describing or testing 
strategies to change these determinants of health behaviours.142 These 
theories provide guidance on factors requiring change to assist in behaviour 
modification, but rarely do they address how these changes can be 
facilitated.142 The omission of a clear explanation of the strategies used in 
interventions designed to change behaviour may be stalling the translation of 
these predictors of behaviours into successful strategies and intervention 
tools that can be replicated.142 ,164 A recent taxonomy of theoretically derived 
behaviour change techniques may provide a basis for improving the reporting 
and identification of successful behaviour change techniques.165 A framework 
for the development of interventions that include assessment and planning 
has the potential to assist in this process. The PRECEDE-PROCEED model 
of health program planning provides an overarching structure for developing 
effective health behaviour interventions that includes the assessment, 
implementation and evaluation phases.17  This model provides the theoretical 
framework for the New Beginnings Healthy Mothers and Babies Study and is 
described in detail in Section3.2.3in Chapter 3.  
 
Despite limitations in the application of theories, behavioural and cognitive 
behavioural strategies have been shown to enhance weight reduction in 
overweight individuals. An examination of 36 studies including 3,495 subjects 
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shows that behaviour therapy, combined with diet or exercise, increased 
weight loss (mean weight loss difference -4.9kg [95% CI -7.3 to -2.4]), as 
compared to diet or exercise alone.166 
2.3.3.1 Summary 
Theories can be useful during the planning, implementation and evaluation of 
interventions.167 No one theory is sufficient to explain health behaviours and 
guide modification of these behaviours.167 There is increasing recognition 
that combining key constructs from different theories will allow for the 
modification of health behaviour determinants in targeted interventions. The 
specific constructs examined in this thesis will be outlined in Chapter 3. 
Current evidence suggests that interventions based on socio-cognitive theory 
are more effective in changing health-related behaviour than those that are 
not.158 ,166 ,168 ,169 
2.3.4 Psychosocial Determinants of Health Behaviours in Pregnancy 
Pregnancy is a time when women are likely to be more nutritionally aware 
and seek pregnancy-specific, rather than general, nutrition information.170 ,171 
Little is known about how maternal BMI may influence this awareness. There 
are very few studies examining influences on the health behaviours of 
pregnant women, particularly those with excess weight gain or high pre-
pregnancy BMIs. Living circumstances can have a significant impact on 
health, particularly during pregnancy. Vulnerable groups, such as the 
economically disadvantaged and those socially and geographically isolated, 
have a greater burden of chronic disease compared to the remainder of the 
population.172 Elevated pre-pregnancy BMIs have been correlated with social 
and economic problems, with more unemployment and burdensome jobs 
being noted in those within the highest BMI group.173 It is likely that higher 
maternal BMI is associated with lower socioeconomic standing, a factor that 
may impact on psychosocial constructs associated with health behaviours 
and weight gain in pregnancy. 
Modifiable psychosocial variables that predict dietary and physical activity 
behaviour are important targets for change in education programs.174 There 
are limited studies examining psychosocial factors associated with dietary 
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intake and physical activity in pregnancy, particularly as they relate to 
maternal weight status. 
2.3.4.1 Nutrition intake 
Table 2.10 outlines a number of quantitative studies examining the 
relationship between relevant psychosocial factors and dietary behaviour in 
pregnant and post-partum women. Two175 ,176 of the three175-177 studies 
examining pregnant women use behavioural intentions as a marker of the 
potential for positive change. Despite different measurement tools, both 
studies report positive intentions for healthy eating and these intentions were 
associated with attitudes and beliefs. However, while behavioural intention 
and actual behaviour have been strongly correlated, people do not always 
behave in accordance with their intentions with barriers and temptations 
sometimes interfering.155 
Given the paucity of studies examining the links between dietary intake and 
psychosocial constructs in pregnancy, research with post-partum women 
may offer additional insights into these relationships. 
Three studies178-180 included in Table 2.10 report specifically on post-partum 
women. There is little homogeneity in the studies in terms of measurement 
tools and constructs explored, which limits the wide application of findings. 
However, during the post-partum period, it appears that psychosocial factors, 
such as intentions, self efficacy and barriers, were associated with dietary 
intake and this differed according to maternal weight status. While positive 
intentions have been reported in pregnant women, and these intentions are 
associated with behaviour beliefs and attitudes, the relationship between 
psychosocial constructs and healthy eating during pregnancy requires further 
investigation. 
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Table 2.10 Studies examining the relationship between dietary behaviour and psychosocial factors in pregnant and post-partum women 
Author, 
year 
Study 
design* 
Population and 
sample size 
Aim  Outcome measures Results  Conclusion Comments on quality/ 
interesting findings 
Gardner et al 
2012175 
Cross 
sectional, 
semi-
quantitative 
Pregnant women 
(8-40 weeks 
gestation) 
 
UK 
 
n=103 
Model psychological 
predictors of 
intentions to reduce 
intake of high fat and 
sugar foods, and 
increase fruit and 
vegetable 
consumption among 
pregnant women. 
Measures related to: 
1. eating more F&V 
2. eating less high fat foods 
3. eating less high sugar 
foods. 
Following constructs 
measured on 5 point Likert 
scale with single item 
Intention, perceived adequacy 
of current behaviour, 
perceived vulnerability 
Perceived severity, perceived 
benefits, perceived barriers, 
subjective norm. 
Perceived current intake fat/sugar 
foods high were five times more 
likely to intend to eat less. 
Higher perceived benefits for 
maternal and infant health 
associated with eating more F&V 
Intentions to eat less high fat 
foods was also associated with 
reportedly doing so. 
No effect for barriers, 
threat and subjective 
norm may indicate 
pregnant women discount 
barriers to health 
behaviours, understand 
the threat associated with 
unhealthy eating and 
perceived social approval 
from others. Dietary 
change interventions 
should emphasise the 
likely positive outcomes 
for mother and child. 
1/3 sample overweight on 
self reported pre-
pregnancy BMI. No 
examination of BMI 
moderated the 
relationship between 
psychosocial predictors of 
dietary intentions. 
Self report adequacy of 
dietary intake used as 
measure of actual 
behaviour. Dietary intake 
not measured. 
Measures developed for 
study. 
Hurley et al 
2005177 
Cross 
sectional, 
semi- 
quantitative 
Pregnant women 
(24 weeks 
gestation) 
 
USA 
 
n=134 
Examine the 
association of 
psychosocial well 
being and dietary 
intake during 
pregnancy. 
Health Habits and History 
Questionnaire (includes FFQ).
Pregnancy specific social 
support; State-Trait Anxiety 
Inventory; Perceived Stress 
Scale; Profile of Mood States. 
Stress and anxiety associated 
with higher intakes of fats, oils, 
sweets and snacks (p<0.05). 
Impact of psychosocial 
characteristics on dietary 
intake should be 
discussed during nutrition 
counselling.  
No adjustment for 
confounding factors and 
the correlations were 
weak (all r values were 
less than 0.25). 
All measures previously 
validated. 
Anderson & 
Shepherd 
1989176 
Cross 
sectional, 
semi-
quantitative 
Pregnant and 
post natal women 
(gestation not 
stated) 
 
UK 
 
n=95 
Evaluate the role of 
the expectancy value 
model components in 
predicting intention to 
try healthier eating 
during pregnancy. 
Expectancy value model 
constructs (total 25 
items)measured on Likert 
scales—behavioural intention, 
direct attitude, direct 
subjective norm, estimated 
attitude, estimated subjective 
norm. 
Direct attitude positively related to 
intention, more important than 
subjective norm 
When combining the constructs in 
the TPB model the role of doctors 
and family in promoting healthy 
eating was less important than 
beliefs relating to the role of 
healthy eating in maintaining food 
health and healthier eating as a 
family concern. 
Efforts to change dietary 
habits could focus on 
underlying belief and 
attitudes rather than 
information transfer alone. 
Dietary intake not 
reported. Measures 
developed for study. 
Validity and internal 
consistency explored. 
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Author, 
year 
Study 
design* 
Population and 
sample size 
Aim  Outcome measures Results  Conclusion Comments on quality/ 
interesting findings 
Byrd-
Bredbenner 
et al 2010178 
Cross 
sectional, 
semi- 
quantitative 
Mothers (child 
age 0-18) 
 
USA 
 
N=201 
Examine key SCT 
concepts in the 
context of mothers 
food-related activities 
and associations with 
dietary behaviour and 
BMI. 
Likert scales used to 
measure: 
Self regulation (planning 
meals and food shopping). 
Self monitoring (using food 
product label information). 
Self reward (enjoyment of 
meal planning, preparation, 
shopping). 
Environmental structuring (TV  
use during meal). 
Healthy eating self efficacy 
(confident to eat healthy diet). 
Outcome expectations (link 
between diet and health. 
Fruit/vegetable/fibre and fat 
screener (dietary behaviour). 
Self report height and weight. 
Mothers scoring lowest tertile for 
healthy eating self efficacy, 
coping, meal planning and diet 
and health outcome expectations 
had higher BMIs than those with 
scores in the highest tertile. 
Mothers in the lowest tertile of 
healthy eating self efficacy had 
significantly higher intakes of 
calories and total fat compared to 
those in the highest tertile. 
Significant predictors of healthy 
eating self efficacy were using 
food labels, having the TV off at 
dinner time, enjoying food related 
activities and a belief in the link 
between diet and health 
outcomes. 
Associations between 
theoretical concepts, 
mothers dietary intakes 
and BMI point to a need 
to incorporate 
components that build self 
efficacy, self regulation, 
outcome expectation d 
coping skills into 
interventions.  
Scales developed for 
study. 
Change et al 
2005179 
Cross 
sectional, 
semi-
quantitative 
WIC Mothers (at 
least 6 weeks 
post-partum) 
 
USA 
 
n=581 
Determine whether 
predictors of fat intake 
behaviour were the 
same for normal 
weight and obese 
WIC mothers and 
identifying predictors 
for each group. 
Predisposing factors (15 items 
total). 
Beliefs in diet and health. 
Beliefs in diet and body 
shape. 
Attitudes towards health and 
food choice. 
Attitudes toward health and 
nutrition. 
Eating habits. 
Enabling factors (8 items). 
Cost, time and accessibility 
food purchasing and 
preparation. 
Reinforcing factors (13 items).
Weight control intentions. 
Sensory appeal of food. 
Mood. 
Dietary habit questionnaire. 
Height and weight self report. 
Cost of food more important and 
weight control intentions as less 
important when making food 
choices in obese compared to 
healthy weight women. 
No differences in fat intake 
behaviours between the two 
groups. Reinforcing factors of 
weight control intentions, sensory 
appeal and mood were relevant 
for both groups, whereas enabling 
factors of cost of food, availability 
of time to prepare food and 
accessibility of stores to purchase 
food were relevant to obese 
women only 
Interventions to modify 
low income women’s fat 
intake behaviour might 
benefit from targeting 
behavioural predictors 
that differ with body size. 
SEM used to examine 
relationships between 
constructs. 
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Author, 
year 
Study 
design* 
Population and 
sample size 
Aim  Outcome measures Results  Conclusion Comments on quality/ 
interesting findings 
Nuss et al 
2005180 
Prospective, 
observational, 
semi-
quantiative 
New mothers 
(recruited at about 
1 month post-
partum) 
 
USA 
 
n=340 
Identify attitudes 
about nutrition and 
their influence on 
weight status of low 
income mothers. 
Nutrition Attitudes Scale—21 
items measured on Likert 
scale. 
Subscales: healthful eating, 
perceived barriers, emotional 
eating, sensory/physiological 
motivators for eating. 
Height and weight measured 
post-partum. 
Attitudes to healthful eating not 
different according to BMI. Obese 
women had a higher score for 
barrier items than healthy weight 
and pre-obese subjects at 1.5 and 
6 months post-partum. Cost was a 
greater barrier to obese women 
than pre-obese women after one 
year. Obese women higher 
emotional eating than pre-obese 
and healthy weight women at one 
year post-partum. 
Women who were obese 
at one year post-partum 
were more likely to 
perceive more barriers to 
healthy eating and 
response more to 
emotional sues to eat.  
Nutrition Attitudes Scale 
developed for study—
reported on internal 
consistency and factor 
loadings in paper. 
SCT=Social Cognitive Theory; WIC=Special Supplemental Nutrition Program for Women, Infants, Children ; F&V=fruit and vegetables; FFQ=Food Frequency Questionnaire; SEM=structural 
equation modelling. 
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2.3.4.2 Physical activity 
Six papers (three primary studies) examine the influence of psychosocial 
variables on physical activity behaviour in pregnancy.90 ,181-185 These studies 
are outlined in Table 2.11. Four of the papers are from the same group of 
authors, and appear to use the same sample and focus on the Theory of 
Planned Behaviour186 constructs.181 ,182 ,184 None of these studies examined 
whether predictors or variables associated with physical activity were 
different according to maternal pre-pregnancy weight status. The trimester of 
measurement for physical activity and psychosocial factors varied between 
studies and may have impacted on the associations observed. Broadly, self 
efficacy, perceived behavioural control and intentions were associated with 
physical activity measures during pregnancy. 
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Table 2.11 Studies examining the relationship between psychosocial variables and physical activity in pregnancy 
Author, year Study 
design* 
Population 
and sample 
size 
Aim Outcome measures Results  Conclusion Comments on 
quality/ interesting 
findings 
Cramp and 
Bray 2009185 
Prospective 
observational 
Canada 
N=160 
Examine barriers to 
LTPA and investigate 
exercise and barrier SE 
as predictors of LTPA  
Self report LTPA using MAQ, 
average MET  hours per week in 
the 6 weeks prior to measurement 
 
Barriers to PA listed, then SE to 
overcome these barriers measured 
on 0-100 scale. Barrier SE average 
of responses to barriers listed. 
Exercise self efficacy average of 5 
items 
Measurements taken at 18, 24, 30 
and 36 week’s gestation.  
Exercise SE predicted LTPA from 
weeks 18-24 (β=0.32, R2=0.26) and 
24-30 weeks (β=0.41, R2=0.37). 
 
Barrier SE predicted LTPA from 
weeks 24-30 (β=0.40, R2=0.32). 
Higher SE for exercise 
and to overcome 
barriers are associated 
with greater LTPA in 
pregnancy. 
1,168 different 
barriers reported with 
9 major themes. 
Hinton and 
Olson90 
Prospective 
observational 
US, Bassett 
Mothers’ 
Health Project  
N=622 
Examine relationship 
between 
sociodemographic and 
psychosocial 
characteristics and 
change in physical 
activity during 
pregnancy 
PA- Self reported. 
Pre-pregnancy activity, 1 item. 
“Before you got pregnancy, how 
often did you do regular exercise 
which made you sweat or breathe 
hard” 4 point scale never, rarely, 
sometimes, often. 
Change in the amount of PA since 
becoming pregnant, 5 point scale; 
much less, a little less, same, a little 
more, much more. 
Psychosocial. 
Attitude toward GWG, feelings 
about motherhood, self efficacy 
(food exercise and weight control 
subscales), WLOC, body image and 
social support. 
Exercisers prior to pregnancy more 
likely to reduced activity, sedentary 
women maintained or increased 
activity. 
 
Higher BMI associated with increase 
PA. 
Higher exercise SE associated with 
increased PA in multivariate 
modelling. 
Self efficacy important 
for maintaining or 
increasing PA in 
pregnancy. 
Data collection time 
point variable 
between participants 
3.5% first, 68% 
second 38.5% third 
trimester. 
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Author, year Study 
design* 
Population 
and sample 
size 
Aim Outcome measures Results  Conclusion Comments on 
quality/ interesting 
findings 
Hausenblas et 
al184 
Prospective 
observational 
US 
N=104 
Examine exercise 
intention and behaviour 
during first trimester of 
pregnancy using TPB. 
LTEQ questionnaire , total weekly 
exercise index calculated. 
Intention-1 item (7 point scale). 
Attitude-7 items (7 point scale). 
PBC-3 items (7 point scale). 
Subjective norm 2 items (7 point 
scale). 
All measures correlated 0.36 to 0.65 
p<0.01. 
Intention at bivariate level predicted 
LTEQ. 
 
With all constructs in model 26% 
variance in LTEQ accounted for, 
only perceived behavioural control 
significant predictor. 
Attitude and subjective norm 
significant predictor of intention. 
PBC strongest 
predictor of exercise 
behaviour during first 
trimester of 
pregnancy. 
Internal consistency of 
scales 0.7-0.9. 
Hausenblas et 
al 2008183 
Prospective 
observational 
US 
N= 61 
Examine first and 
second trimester 
exercise intention and 
behaviour moderating 
for the effect of past 
exercise behaviour 
using TPB. 
Behaviour- 1 item 
“I exercised __ days a week during 
my first/second trimester of 
pregnancy” Intention- 1 item (item 
as above but related to intention 
Attitude 7 items (7 point scale) 
PBC- 3 items (7 point scale) 
Subjective norm 1 item (7 point 
scale) 
All measured in each trimester 
(intention only at 1 and 2) 
 
Pre-pregnancy PA, LTEQ frequency 
of mild moderate and strenuous PA 
for at least 30 minutes in a typical 
week. 
Attitude, PBC and pre-pregnancy 
exercise behaviour were significant 
predictors of intention. 
Cross sectional analysis, only 
intention was only significant 
predictor of exercise behaviour. 
Intention was also the only predictor 
of changes over time in PA 
behaviour 
First trimester intention 
for PA significantly 
predicted change in 
exercise from first to 
second trimester. 
Same sample as 
above study. 
Symons 
Downs and 
Hausenblas181 
Prospective 
observational 
US 
N=89 
Examine exercise 
intention and behaviour 
from second to third 
trimester. 
Same measures as above 47% of the variance in second 
trimester PA was predicted by 
intention and PBC, only intention 
was significant predictor. 
33% of variance in intention 
explained by attitude (β0.29)and 
subjective norm, PBC (β0.29) 
explained an additional 4% of the 
variance 
Intention but not PBC 
significantly predicted 
PA behaviour. 
Attitude followed by 
PBC strongest 
predictors of PA 
intention. 
Same population as 
above. 
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Author, year Study 
design* 
Population 
and sample 
size 
Aim Outcome measures Results  Conclusion Comments on 
quality/ interesting 
findings 
Symons 
Downs and 
Hausenblas182 
Prospective 
observational 
US 
N=62 
Examine third trimester 
exercise intention and 
behaviour using TPB 
and examine group 
differences across TPB 
constructs, and BMI for 
exercising and not 
exercising women. 
Same measures as above. 
Behavioural beliefs 6 items (7 point 
scale) (internal consistency α=0.94). 
Normative beliefs 6 items (7 point 
scale) (internal consistency α=0.95). 
Control beliefs 7 items (7 point 
scale) (internal consistency α=0.81). 
Control beliefs not associated with 
intention or behaviour at bivariate 
level. 
Intention explained 24% of variance 
in third trimester exercise, PCB 
added to model contributed 4% of 
variance but not a significant 
predictor (p=.07). 
Exercisers in third trimester had 
higher scores on all constructs 
except control beliefs. 
Subjective norm significant predictor 
of intention in third trimester. 
No difference in third trimester BMI 
between exercisers and non 
exercisers. 
Lower post-partum BMI in women 
exercising in third trimester 
compared to those not.  
TPB constructs help 
explain exercise 
intention and 
behaviour in the third 
trimester of 
pregnancy. 
GWG not considered 
in third trimester BMI 
calculation. 
LTPA=leisure time physical activity; PA=physical activity; SE=self efficacy; MAQ=Modified Activity Questionnaire; MET=metabolic equivalent task; GWG=gestational weight gain; WLOC=weight 
locus of control; TPB= Theory of Planned Behaviour; PBC=Perceived Behavioural Control; LTEQ=leisure time exercise questionnaire. 
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2.3.4.3 Gestational weight gain 
Several authors have investigated psychosocial predictors of excess 
gestational weight gain. Two papers examine the association between GWG 
and dieting, and restrained eating in women participating in the Pregnancy, 
Infection and Nutrition Study in the US.187 ,188 Women completed the 
Restraint Scale questionnaire early in pregnancy (<20 weeks gestation), 
which assessed weight gain attitudes and behaviours associated with 
restrained eating. Two subscales, ‘dieting’ (relating to frequency of dieting, 
concern with food and eating behaviours) and ‘cycling’ (relating to typical 
weight fluctuations outside pregnancy), are involved in this scale. In the first 
paper (n=1,223), more pre-obese and obese women were classified as 
restrained eaters, cyclers or dieters.187 Restrained eaters or dieters in the 
healthy, pre-obese and obese BMI categories gained more weight than non-
restrained, non-dieters of similar BMI status.187 This association was not 
observed in underweight women, with restrained eaters gaining less weight 
when compared to unrestrained eaters.187 This differential effect of BMI 
status highlights the variable influence of pre-pregnancy BMI on weight 
related behaviours and GWG that may need consideration in supporting 
behaviour change during pregnancy. The second paper (n=2,006) found that 
perceived stress, trait anxiety and depressive symptoms were higher and self 
esteem lower in those with pre-pregnancy obesity compared to other weight 
groups.188 There was a consistent increased odds of being a dieter, weight 
cycler or restrained eater as weight status inceased.188 
Dipeitro and colleagues (2003)189 surveyed 130 healthy weight women with a 
singleton pregnancy to examine pregnancy weight related attitudes and 
behaviours. Women who were worried that they would get fat, were 
embarrassed about their weight, felt unattractive and were embarrassed 
when weighed were more likely to gain excess weight. There was a positive 
association between weight restrictive behaviour scores and scores for 
anxiety, depression, anger and stress measured on validated scales at 
various time points in pregnancy.189 Pre-pregnancy BMI was unrelated to any 
item or factor assessed. The pregnancy and weight gain attitude scale was 
administered later in pregnancy (36 weeks), so it is difficult to determine 
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whether the negative attitudes were a result of or contributed to the excess 
GWG. 
In a study of 115 primigravid women, those who gained excess weight early 
in pregnancy were less likely to have spoken with a physician about weight 
gain, were more concerned about their weight and a higher pre-pregnancy 
BMI (p=0.05).190 At the time of the second interview (30-36 weeks gestation), 
women who were less knowledgeable about the importance of not gaining 
excess weight and reported a less favourable attitude toward their weight 
gain were more likely to have gained excess weight.190 Consideration of the 
timing of attitude assessment may be important. This study found no 
association between weight gain and attitudinal data collected early in 
pregnancy, yet an association with attitude measures at the end of 
pregnancy. 
In contrast to the findings of both of these studies, Olson et al (2003)132 did 
not find psychosocial variables of feelings about motherhood, career 
orientation and social support to be strongly related to GWG in 622 pregnant 
women on bivariate analysis. However, when these variables were combined 
with behavioural, socio demographic and biomedical variables, 27% of the 
variance of GWG was explained. Psychosocial variables were assessed 
‘mid-pregnancy’ and variables were not related to health behaviours 
associated with GWG. 
Across all studies, there is a lack of consistency in factors examined, the 
timing of assessments and the tools used. These limitations make it difficult 
to draw inferences about the psychosocial factors that specifically impact on 
GWG. However, it appears that psychosocial factors may impact on GWG 
and these may differ according to maternal BMI and the stage of pregnancy. 
2.3.4.4 Summary 
Psychosocial factors are likely to impact on health behaviours and 
gestational weight gain in pregnancy. However, there is little consistency in 
the associations between psychosocial factors, health behaviours and weight 
gain that have been explored to date. A greater understanding of behaviour 
specific constructs that influence eating, physical activity and GWG is needed 
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to adequately address these factors in health care interventions. Importantly, 
differences that may be associated with pre-pregnancy weight status will help 
inform areas that need to be adapted to individual needs to ensure that 
interventions are efficacious and elicit long-term behaviour change. 
2.3.5 Pregnancy as a Time for Change 
Pregnancy and child rearing is a period when women experience social, 
psychological, behavioural and biological change.191 The transition to 
motherhood marks a time when women may think not only of their own 
needs, but also the needs of their child.191 A teachable moment is described 
as a particular event or set of circumstances leading individuals to positively 
change their health behaviour.192 Recently, pregnancy has been 
conceptualised as a ‘teachable moment’ for obesity prevention.193 It is a time 
that may (a) increase perceptions of personal risk and outcome expectations, 
(b) prompt strong affective or emotional responses and (c) redefine self 
concept or social roles193 (see Figure 2.3). 
Source: Phelan (2011).193 Teachable moment: weight control and obesity prevention. 
Figure 2.3 Model of a teachable moment for weight control in pregnancy 
Pregnancy provides a window of opportunity to impact on the health of future 
generations at a time when women and families are in contact with health 
services and may be more motivated to improve their lifestyle.72 Women 
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have been shown to be more nutritionally aware during pregnancy than at 
other stages of the life course.170 ,194 Promoting healthy lifestyle choices 
during pregnancy may be more successful in achieving change, with partners 
and family members potentially sensitive to the woman’s need for dietary 
change.195 In examining knowledge of obesity-related risks in pregnancy, one 
author found that, on learning the risks associated with obesity in pregnancy, 
the majority of women desired additional information and were motivated to 
lose weight before future pregnancies.196 There is some evidence to suggest 
that women welcome and seek health advice during pregnancy, particularly 
relating to dietary advice and weight gain.195 The nutrition information women 
seek appears specific to pregnancy, rather than general.170 ,197 In failing to 
harness this motivation, health services may be missing an opportunity to 
influence the health of two generations. 
2.4 EVIDENCE TO GUIDE INTERVENTION 
2.4.1 Introduction 
Over recent years, a number of review papers have reported on the evidence 
to guide the treatment and prevention of excess weight in pregnancy.14 ,15 ,198-
205 This section will examine the evidence relating the prevention of excess 
weight gain, which has a role in the prevention of overweight development, 
as well as in managing those already overweight during pregnancy. Review 
papers are often used to guide the development of interventions with the 
assumption that they accurately synthesise the current state of the evidence. 
However, some of the processes undertaken to develop the reviews can 
vary, be inflexible in their inclusion of studies and potentially lead to 
inconsistent interpretation of the literature. 
This section critiques the 11 systematic reviews regarding the prevention of 
excess gestational weight gain.14 ,15 ,198-206 The cornerstones of management, 
as identified in these reviews, of dietary intake, physical activity and 
behaviour modification are explored with specific reference to the primary 
studies examined in each review. For the purpose of this thesis, only those 
studies that focus on pregnant women have been examined. Studies that 
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focus on women with gestational diabetes have been excluded, due to the 
potential for different motivating factors for behaviour change. 
2.4.2 Reviewing the Reviews 
Table 2.12 provides an overview of the reviews summarising the 
interventions to guide effective prevention and management of excess weight 
in pregnancy.14 ,15 ,198-206 The conclusions and points for future research are 
presented. The review papers can be grouped by those focussing only on 
women who commence pregnancy overweight, and those focussing on 
prevention of weight gain in pregnancy. These distinct differences, and the 
variation in years searched, go some way to explaining the variability in 
studies included in each review. 
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Table 2.12 Summary of the reviews that synthesise the evidence to guide effective management or prevention of overweight in pregnancy 
Publication 
details 
Databases 
searched 
Dates 
searched 
Inclusion criteria and 
quality assessment 
Primary 
studies 
reviewed 
Outcomes assessed Recommendations for research 
and practice 
Comments and 
limitations of review 
Systematic reviews targeting overweight in pregnancy 
Dodd et al, 
2008199 
Cochrane 
Controlled Trials 
Register 
(CENTRAL), 
PUBMED and the 
Australian (ACTR) 
and International 
(ICTN) Clinical 
Trials Registry. 
Until Nov 
2007 (no 
start date 
reported) 
Inclusion Criteria: 
Pregnant women 
overweight or obese; 
dietary or lifestyle 
interventions during 
pregnancy to limit weight 
gain. 
Reporting LGA infants 
Quality Assessment: 
QUORUM guidelines, 
randomisation, 
allocation concealment, 
blinding and 
completeness of follow 
up. 
2 studies207
,208 
(1 study 
targeting 
GDM207)  
GWG 
Not considered. 
Maternal/Infant 
birthweight: >4,000g or 
<2,500g, preterm birth 
C/S, pre-eclampsia, 
hypertension, GDM. 
No intervention effect on any 
outcomes assessed. 
Insufficient numbers to 
conduct meta-analysis. 
Dietary 
Not considered. 
Physical Activity 
Not considered. 
Behavioural Influences 
Not considered. 
Conclusions: 
Limited information to base clinical 
recommendations about effective 
dietary and lifestyle interventions 
for pregnant women who are 
overweight or obese. 
Included studies 
targeting GDM 
Limited information: 
search strategy, 
interventions intensity, 
targets and who 
delivered. 
Dodd et al, 
201014 
PUBMED, 
Cochrane 
Controlled Trials 
Register 
(CENTRAL), 
Australian and 
International 
Clinical Trials 
Register. 
Until Jan 
2010 (no 
start date 
reported) 
Inclusion Criteria: 
RCT with antenatal 
dietary and/or lifestyle 
advice or intervention; 
overweight or obese 
pregnant women. 
 
Quality Assessment: 
PRISMA guidelines, 
considered 
randomisation, 
concealment of 
allocation, blinding and 
completeness of follow 
up. 
9 studies77
,207-214 
(3 studies in 
women with 
GDM207 ,209 
,214, 1 study 
no weight 
gain 
reported77) 
Identified 9 
ongoing 
trials 
Meta-analysis  
GWG 
Random effects model non-
significant reduction in GWG 
LGA 
No intervention effect 
Maternal/Infant 
No effect on GDM, pre-
eclampsia, delivery 
complications or birthweight 
Dietary 
Not considered 
Physical Activity 
Not considered 
Behavioural influences 
Not considered 
Conclusions: 
Effect of an antenatal dietary 
intervention for overweight or 
obese pregnant women on 
maternal and infant health 
outcomes remains unclear. 
Points for future research: 
Effects of antenatal dietary and/or 
lifestyle modification for 
overweight pregnant women be 
appropriately evaluated. 
Follow up infants and children to 
establish in utero contributions to 
childhood obesity. 
Included studies 
targeting GDM 
Limited information on 
search strategy  
Limited details of 
interventions including 
intensity, duration, 
targets and health 
professional delivery. 
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Oteng-Ntim et 
al 2012202 
Cochrane Library, 
MEDLINE, 
EMABSE, 
CINAHL, Maternity 
and infant care, 
PsycLNFO and 
PsyclINFO via 
OVID SP, Science 
Citation Index and 
Social Science 
Citation Index via 
Web of Science, 
Global Health, 
Popline, Medcarib, 
Nutrition database. 
Up until 
January 
2012 
Inclusion Criteria 
RCTs and non-RCTs, 
antenatal dietary or 
lifestyle intervention in 
overweight or obese 
women, quantitative 
maternal and foetal 
health. 
Quality Assessment 
PRISMA guidelines and 
Cochrane Library. 
13 RCTs208
,210-213 ,215-222 
6 non-
RCTs223-228 
GWG 
Reduced GWG,WMD= -2.21 (-
2.86 to -1.57). 
Maternal/infant 
No differences. 
Dietary 
Not considered. 
Physical Activity 
Not considered. 
Behavioural Influences 
Not considered. 
Conclusions 
Lifestyle interventions for obese 
and overweight women during 
pregnancy do restrict GWG, 
however study quality was poor. 
Heterogeneity significant. 
Did not add extra 
above other review 
papers. 
Referred to one 
author’s ongoing trial 
to provide answers to 
impact of lifestyle on 
incidence of GDM. 
Systematic reviews targeting excess gestational weight gain in pregnancy 
Ronnberg and 
Nilsson 2010200 
PubMed, 
Cochrane Library, 
Cinhal, Pedro. 
Until August 
2009 (no 
start date 
reported) 
Inclusion criteria: 
RCT. 
Studies comparing 
interventions with 
standard care. 
Healthy pregnant 
women. 
Recruitment prior to third 
trimester. 
Exclusion criteria: 
Studies with only women 
with diabetes. 
Pharmaceutical or 
surgical interventions. 
Quality Assessment:  
QUORUM Guidelines 
and GRADE system. 
8 studies208
,210 ,212 ,223-226 
,229 
GWG  
Meta analysis considered 
inappropriate due to 
heterogeneity of studies. 
Maternal/Infant  
Not considered. 
Dietary 
Not considered. 
Physical Activity 
Not considered. 
Behavioural influences 
Not considered. 
Conclusions: The results of 
published intervention trials are 
insufficient to enable evidence- 
based recommendations to be 
developed for clinical practice in 
antenatal care. 
Points for future research: 
Include element of cost 
effectiveness. 
Not limited to RCTs. 
Limited details of  
study interventions 
including intensity, 
duration, targets, 
retention and health 
professional delivery. 
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Streuling et al 
2010198 
MEDLINE, 
EMBASE, 
Cochrane 
CENTRAL Library 
Issue 4, Web of 
Science. 
GWG recorded for 
control and 
intervention 
groups separately. 
From 1900-
Jan 2010 
Inclusion Criteria: 
English or German 
language; focusing on 
healthy women; 
singleton pregnancy; 
intervention comprised 
of diet and physical 
activity modification; 
subjects compared to 
control group. 
Quality Assessment: Not 
described. Used   
CONSORT statement to 
assess validity. 
9 papers 
208 ,210 ,213 ,215 
,223-227 
Meta analysis 
GWG 
All studies combined 
intervention reduction in GWG 
(Std. mean difference -0.22 [-
0.38,-0.05] Randomised 
studies only non significant 
reduction (Std. Mean 
difference -0.13[-0.41,0.15]. 
Maternal/infant  
Not considered. 
Dietary 
Not considered. 
Physical Activity 
Not considered. 
Behavioural influences 
Not considered. 
Conclusions:  Educational 
interventions combining of 
physical activity and dietary 
counselling, using supplementary 
weight monitoring may be 
successful in lowering GWG. 
Not limited to RCTs. 
Selective reporting of 
study intervention 
details including 
intensity,  and health 
professional delivery. 
No diet, activity or 
behaviour change 
outcomes-only 
gestational weight 
gain. 
Non significant result 
for meta analysis of 
RCT trials. 
Skouteris et al 
201015 
CINAHL, Global 
Health, Medline, 
PsychINFO, 
Academic Search 
Premier. 
January 
2000- April 
2010 
Inclusion Criteria: 
English papers. 
Intervention studies 
preventing excess 
weight gain. 
Quality Assessment: 
Not described. 
10 studies208
,210 ,212 ,213 ,215 
,216 ,223-226 
No meta analysis 
GWG 
6 studies significant results, 3 
of these only in a study 
subgroup208 ,216 ,224. 
Maternal/Infant 
1 significant result in 
proportion high birthweight. 
1 significant result in serum-
insulin and leptin. 
Dietary 
Considered, only 6 studies 
measured outcomes, 4 
significant results. 
Physical Activity 
Considered, only 5 studies 
measured outcomes, 1 
significant result. 
Behavioural Influences 
Considered- no studies 
assessed. 
Conclusions: Findings were 
inconsistent regarding what factors 
need to be targeted in intervention 
programmes to reduce GWG. 
Points for future research: 
Psychological factors relevant to 
pregnancy need to be considered 
in addition to behavioural changes 
in relation to eating and physical 
activity. 
Not limited to RCTs. 
 
Failed to report the 
also significant result 
of lower fasting blood 
glucose levels at 36 
weeks gestation in 
paper by Wolff et al212. 
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Campbell et al 
2011203 
11 databases- 
specific names not 
mentions. 
1990-2010 Inclusion Criteria: RCT’s 
in English; OECD 
country; 18 years or 
over; planning one or 
currently pregnant; no 
other medical 
complications; no twins 
and no underweight. 
Quality Assessment: 
Cochrane Collaborations 
tool for assessing risk of 
bias. 
5 
intervention 
studies208 ,210 
,212 ,213 ,215 
GWG 
Meta analysis- no intervention 
effect (-0.28 95% CI-0.64 to 
0.09). 
Maternal/Infant 
Not considered. 
Dietary 
Not considered. 
Physical Activity 
Not considered. 
Behavioural Influences 
Not considered. 
Conclusions: Lack of evidence to 
conclude that intervention effective 
in reducing GWG. No evidence of 
adverse effects. 
Included qualitative 
studies conducted in 
UK to synthesise with 
RCT results. 
Authors suggest lack 
of effect may reflect 
failure of interventions 
to address barriers to 
healthy weight gain 
identified in qualitative 
studies.  
Gardner et al 
2011204 
PsychInfo, 
Medline, Embase, 
AMED, HMIC, 
CENTRAL, HTAD. 
1990-2010 Inclusion Criteria: 
Quantitative data on diet 
and/or exercise to 
prevent excess GWG; 
18 years or over; INV 
and CON compared for 
behaviour or GWG. 
Quality Assessment 
Not specified. 
10 studies208
,210 ,212 ,213 ,215 
,223-227 
GWG 
Interventions effective WMD -
1.19kg [95%CI: -1.74,-0.65], 
p<0.0001. 
Greater weight reduction 
among overweight only 
samples WMD -2.26kg [-3.28,-
1.24,p<0.0001. 
Maternal/Infant 
Not specified. 
Dietary 
Not specific. Three studies 
showed positive effect. 
Physical Activity 
Not specific. One trial positive 
effect. 
Behavioural Influences 
5.1 behaviour change 
techniques used pre trial, 
average number techniques in 
effective vs not effective 
interventions not different. 
Conclusion: 
Diet and physical activity change 
was effective in reducing GWG, 
however considerable 
heterogeneity in outcomes. 
Failure to evaluate changes in 
behaviour or psychological 
determinants may precent 
identification of weight change 
processes. 
Further research: 
Behaviour based GWG reduction 
interventions should be more 
systematically designed, evaluated 
and reported. 
Used 40 item 
taxonomy165 ,230 to 
code behaviour 
change techniques. 
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Tanentsapf et 
al 2011205 
PUBMED, 
CENTRAL, 
LILAC.S 
Up to March 
2011 
Inclusion Criteria: 
RCT and QCT dietary 
effect on GWG or 
pregnancy complication. 
Quality Assessment 
Cochrane Handbook for 
Systematic Reviews on 
Interventions 2009. 
11 in 
western 
country208 
,210-213 ,215 ,219 
,226 ,231 ,232, 1 
Egypt233, 1 
Taiwan234 
(1 included a 
drug231 and 
1 a 
probiotic232 
in a study 
arm) 
GWG (10 studies) 
Lower total GWG in 
intervention WMD -1.92kg 
[95%CI, -3.65 to -0.19]. 
Weight retention less at 6 
months post-partum in 
intervention (2 studies). 
Maternal/Infant 
No difference in GDM or pre-
eclampsia (5 studies each). 
Decrease in incidence of C/S 
in intervention (5 studies). 
No difference in birthweight (7 
studies). 
Dietary 
Not considered. 
Physical Activity 
Not considered. 
Behavioural Influences 
Not considered. 
Conclusion: 
Dietary advice during pregnancy 
appears effective in decreasing 
total GWG and long term weight 
retention. 
6 months considered 
long term weight 
retention. 
Included studies older 
than 20 years, with 
additional clinical 
therapies. 
Thangaratinam 
et al 2012206 
PsychInfo, 
Medline, Embase,  
CENTRAL, HTAD, 
BIOSIS, LILACS, 
Science Citation 
Index, CDSR; 
DARE. 
Up to 
January 
2012 
Inclusion criteria: 
RCT’s diet or lifestyle 
interventions with 
potential to influences 
maternal or foetal 
outcomes related to 
weight (even if weight 
was not a target). 
Quality Assessment: 
GRADE system. 
44 studies76
,77 ,79 ,207 ,208 
,210-213 ,215-219 
,222 ,229 ,233-261 
(GDM207 ,238 
,241 ,242 ,257 ,258; 
non 
English239 ,254 
,255) 
GWG (34 studies) 
Reduction of 1.42kg (0.95-
1.89kg) with INV, no difference 
in adherence to IOM 
guidelines. 
Maternal/Infant (15-36 studies) 
Minimal reduction in 
birthweight. 
Reduction in pre-eclampsia by 
26%. 
Reduced overall risk of 
shoulder distocia by 61%. 
Dietary 
Not considered. 
Physical Activity 
Not considered. 
Behavioural Influences 
Not considered. 
Conclusion: 
Diet and lifestyle interventions in 
pregnancy can reduce maternal 
GWG and improve outcomes for 
both mother and baby. Among the 
interventions, those based on diet 
are the most effective.  
Note large number of 
studies with GDM 
women included. 
Diet interventions 
showed largest 
reduction in GWG in 
3.84kg, (2.45 to 
5.22kg); reduced risk 
pre-eclampsia; GDM; 
hypertension and 
preterm delivery- 
however many of the 
physical activity based 
studies did not aim to 
influence these 
outcomes. 
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Muktabhant et 
al 2012201 
CENTRAL, 
MEDLINE. 
Up to 
October 
2011 
Inclusion criteria: 
RCT and QCT of 
interventions to prevent 
excess GWG. 
Quality Assessment: 
Cochrane Handbook for 
Systematic Reviews on 
Interventions 2009. 
28 studies77
,78 ,207-213 ,215 
,216 ,218-220 ,222 
,229 ,234 ,235 ,237 
,262-271 
(2 drug268 
,270, and 1 
probiotic265, 
3 GDM207 ,209 
,271) 
GWG 
5/9 trials intervention 
associated with lower GWG 
(compare to std care). 
4/9 ExGWG- the 2 including 
behavioural and lifestyle 
counselling had positive 
treatment effect RR0.72 
(0.54,0.95). 
0/4 trials in high risk women 
influenced exGWG. 
Maternal/Infant 
No consistent effect across 
studies. 
Diet 
3/4 studies report reduction in 
EN intake with intervention. 
No change in diet in general 
population groups. 
Physical Activity 
No difference in high risk 
women. 
Increase in 2/3 trials general 
pregnant women increase in 
PA. 
Behavioural Influences 
Not considered. 
Conclusion: 
Not enough evidence to 
recommend any intervention for 
preventing excessive weight gain 
during pregnancy due to the 
significant methodological 
limitations of studies included and 
the small observed effect sizes. 
Large number of 
studies included, 
however number 
included in pooled 
analysis of outcomes 
varied from 1-9 
studies. Interventions 
to prevent excess 
GWG separated into 4 
groups for pool 
analysis. 
1. Vs standard care. 
2. Vs alternate 
intervention. 
3. Vs standard car in 
high risk groups. 
4. Vs alternate 
intervention in high 
risk groups only those 
outcomes for 
intervention vs 
standard care reported 
in this table. 
RCT=randomised controlled trial; GWG=gestational weight gain; LGA=large for gestational age infant; GDM=gestational diabetes mellitus; CENTRAL=Cochrane Central Register of Controlled Trials; 
QCT=quasi controlled trials; HTAD=Health Technology Assessment Database; AMED=Allied and Complementary Medicine Database; HMIC=Health Management Information Consortium Database; 
LILACS=Literatura Latino Americana em Ciencias da Saude; BIOSIS=Biological Sciences Serial Sources; CDSR=Cochrane Database of Systematic Reviews; DARE=Database of Abstracts of 
Reviews of Effects. 
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2.4.2.1 Summary 
Across the 11 systematic reviews, 68 primary intervention studies were 
included. There was limited reporting of the dietary or physical activity advice 
or specific prescription for each primary paper in all of the review papers. All 
of the reviews relating to maternal weight have been published in the last ten 
years with almost half in the past two years. 
These review papers provide some value in summarising the evidence in the 
prevention and management of excess weight, either existing before or 
gained during pregnancy, however, limitations must be considered. Across 
the 11 review papers, inclusion criteria varied, with the larger reviews 
perhaps being more liberal by including studies targeting women with GDM, 
207 ,209 ,214 ,223 ,238 ,241 ,242 ,257 ,258 ,271 exercise76-79 ,217 ,218 ,220 ,237 ,243-249 ,251-254 ,256 
,260 ,262 ,264 or diet236 ,240 ,263 interventions not aiming to influence maternal 
weight, involving a pharmacological treatment (diuretics, appetite 
suppressants or probiotics231 ,232 ,265 ,268 ,270) or where the study and control 
arms were designed to be isocaloric.266 ,267 The inclusion of these studies 
makes it difficult to collectively determine the effects of the dietary or physical 
activity intervention on maternal weight. Many of the outcomes examined 
could be influenced by the presence of GDM and cannot be distinguished 
from those of maternal obesity or gestational weight gain. Separating the 
effects of pharmacological products, compared to the intervention of diet or 
physical activity on weight changes, is difficult. Furthermore, including studies 
that did not aim to influence GWG may undervalue to contribution of diet or 
physical activity, as the interventions may not have had sufficient or 
appropriate targets to influence gestational weight gain. There was wide 
variability in the types of interventions included from the provision of general 
advice to the provision of exercise classes. The details of the primary studies 
included are following in Section 2.4.3.  
It appears that dietary interventions provide modest reductions in GWG, 
however, they do not influence the prevalence of excess GWG. Variability in 
study characteristics and methodological limitations make drawing 
conclusions from study results difficult. The effect of intervening with lifestyle 
modification during pregnancy on gestational weight gain remains unclear. It 
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appears to date that lifestyle intervention studies have been unable to 
consistently demonstrate an impact on maternal or infant outcomes. 
No studies have followed participants long enough to investigate the impact 
on future childhood overweight. 
2.4.3 Examining the Evidence 
Inherent difficulties in using review papers to guide the development of 
interventions are the variability of criteria for inclusion, search strategies and 
time periods. There is the potential that authors examine the studies using 
their own criteria, thereby limiting the ability of the reader to examine the 
detail of studies to not only independently explain the apparent findings, but 
also to identify areas for improvement in future study design. Where 
interventions are involved, it is important to examine the variability of primary 
studies for both eating and physical activity measures and behaviours. 
Table 2.13 presents 21 of the 68 original primary studies included in the 11 
systematic reviews. Studies targeting women with GDM (ten papers), 207 ,209 
,214 ,223 ,238 ,241 ,242 ,257 ,258 ,271 exercise (24 papers)76-79 ,217 ,218 ,220 ,237 ,243-249 ,251-
254 ,256 ,260 ,262 ,264 or diet236 ,240 ,263 (three papers) interventions not aiming to 
influence maternal weight, involving a pharmacological treatment (diuretics, 
appetite suppressants or probiotics) (five papers),231 ,232 ,265 ,268 ,270 where the 
study and control arms were designed to be isocaloric266 ,267 and/or where the 
study was not published in English233 ,239 ,255 ,269 were not included in this 
detailed review table. Table 2.13 identifies the reviews in which each primary 
paper appeared as an indication of the consistency of referencing. Across the 
11 systematic reviews, four studies were examined in only one review, one 
paper in two reviews, four in three reviews, two in four, four in five reviews, 
one in six reviews, none in seven, two in eight, and one in nine, ten and all 11 
reviews. The majority of the primary studies reported have methodological 
weakness that should be considered in conjunction with results. These 
limitations include small sample sizes, recruitment bias, study design, 
randomisation processes and selective reporting of target outcomes. 
Many of the reviews did not provide detail on key aspects of the intervention 
of the primary study, such as retention, selection bias, intensity and duration 
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of intervention, the health professional involved in delivery, and the specific 
targets of the intervention. Only one review provided an examination of 
behaviour changes in relation to physical activity and dietary intake, including 
the significance of the change.15 These authors highlight the lack of 
behaviour modification strategies used in the interventions, a consideration 
also highlighted in the review by Gardner et al.204 The quality of the research 
conducted to date is likely to contribute to the lack of evidence to support 
practice, however, the key aspect of changes in dietary intake and physical 
activity, using appropriate behaviour modification techniques, are likely to be 
important. This section categorises the evidence informing the design of 
interventions for the management of gestational weight gain and overweight 
in pregnancy. 
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Table 2.13 Primary studies that report weight related outcomes (n=20) of interventions in women who commence their pregnancy overweight or 
that aim to prevent excess weight gain 
Study 
(no. of reviews 
referencing 
study) 
Study design and 
sample 
Aim, and theoretical 
framework for design 
Intervention details Results Conclusion Limitations 
Comments on quality/ 
interesting findings 
Interventions in overweight pregnant women 
Claesson et al 
2008225 
(5)15 ,198 ,200 ,202 
,204 
Reported as “case 
control”, however 
closer to quasi 
design. 
Obese pregnant 
BMI> 30kgm2. 
N= 343 (INV 150 
CON, 193 C). 
Sweden. 
Recruited 10-12 
weeks gestation. 
Attrition 5.%. 
Aim: To minimise obese 
women’s total weight gain 
during pregnancy to less 
than 7kg and to investigate 
the delivery and neonatal 
outcome. 
Theoretical framework 
None mentioned-uses 
motivational interviewing. 
Type: Combined diet and PA, 
individual delivery method. 
Weekly 30 min “motivational 
interviewing” weekly from 12 
weeks gestation + aqua 
aerobics up to twice. 
 Who delivered: Midwife. 
Targets: None specified. 
Exercise and eating 
discussed. 
per week. 
Weight 
Less weight gain during 
pregnancy (INV 8.7kg v 
CON 11.3kg) p<0.001. 
More women gained less 
than 7 kg INV 35.7% v CON 
20.5% (p=0.003). 
Diet/Activity 
None reported. 
Maternal/Infant 
No significant differences . 
The intervention 
program was effective in 
controlling weight gain 
during pregnancy and 
did not affect delivery or 
neonatal outcomes. 
No detail of nutrition 
information. 
Differences in those 
agreeing to participate 
significant. 
Rates of obesity less in 
control cities. 
Significant differences in 
SES of groups. 
Difficult to draw conclusions 
give the methodological 
issues. 
No mention of differences in 
behaviours. 
Guelinckx et al 
2010213 
(8)14 ,15 ,198 ,201-206 
RCT 
Obese pregnant 
women. 
BMI>29kgm2. 
N= 122. 
CON 43. 
INV Passive 37. 
INV Active 42. 
Recruited before 15 
weeks gestation. 
Attrition 37%. 
Aim: To study whether a 
lifestyle intervention based 
on passive brochure or 
active education can 
improve dietary habits, 
increase PA, and reduce 
GWG. 
Theoretical Framework 
None mentioned. 
Type: Combine Diet and PA. 
INV Passive: Written 
information on nutrition, PA 
and tips to reduce pregnancy 
related weight gain provided 
at ante-natal visit. 
INV Active: Written 
information as above with 
group counselling 3 x 1 hour 
sessions. 
Who delivered: Nutritionist. 
Targets: 10% Pro, 30-35% 
fat, 50-55% CHO, increase 
PA, limit energy dense foods. 
Weight 
No difference in GWG or % 
excess GWG. 
Diet 
No difference in EN. 
Fat (Saturated) decreased 
Protein increased in passive 
and active. 
Vegetable intake higher in 
passive and active groups 
each time point. 
PA 
Decreased all groups over 
pregnancy. 
Maternal  
No significant differences. 
Both interventions 
improved the nutritional 
habits of obese women 
during pregnancy. 
Neither PA or GWG was 
affected. 
Differences in dietary intake 
at baseline for groups (EN 
and Veges). 
Did not achieve dietary 
counselling targets. 
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Study 
(no. of reviews 
referencing 
study) 
Study design and 
sample 
Aim, and theoretical 
framework for design 
Intervention details Results Conclusion Limitations 
Comments on quality/ 
interesting findings 
Nascimento et 
al 2011221 
(1)202 
RCT 
Overweight and 
obese pregnant 
women. 
Pre-pregnancy BMI 
> 26kg/m2. 
Brazil. 
N= 82 (INV 40, CON 
42). 
Recruited 14-24 
weeks gestation. 
Attrition 2% . 
Aim To evaluate 
effectiveness and safety of 
physical exercise in terms of 
maternal/perinatal outcomes 
and the perception of QoL in 
pregnant obese and 
overweight women. 
Theoretical Framework 
None mentioned. 
Type: PA 
INV: supervised exercise 
protocol 40 minutes in total 
weekly + home exercise 
counselling to complete 
exercises as per supervised 
protocol or walking five times 
a week. 
Who delivered 
trained physical therapist. 
Target 
supervised once a week + 
five additional PA sessions. 
Weight  
No difference in GWG in 
obese women. Overweight 
INV less total GWG (10 + 
1.7 vs 16.4 + 3.9kg, p=.001) 
and less weekly weight gain 
(0.28 + 0.22 vs 0.57 + 
0.17kg, p=0.038). 
No difference in overall 
excess GWG- INV 47.5% vs 
CON 57.2%. 
Diet/PA 
Not reported. 
Maternal/Infant 
No difference for C/S, LGA, 
Apgar score, birthweight, 
QoL, blood pressure. 
Exercise program not 
associated with control 
of GWG overall but 
reduced GWG for 
overweight women. 
INV group had a lower 
baseline BMI compared to 
CON (38.6 + 6.2 kg/m2) vs 
41.1 + 6.6 kg/m2) (p=.04). 
No physical activity 
behaviours reported, only 
commented that 62.5% INV 
were compliant with home 
exercise counselling. 
Quinlivan et al 
2011206 ,222 
(3) 204201 ,202 
RCT 
Overweight and 
obese pregnant 
women. 
BMI > 25kg/m2 at 
first antenatal visit. 
Australia. 
N=132 (INV 67, 
CON 65). 
Not specified 
gestation when 
recruited. 
Attrition 7%. 
Aim: To evaluate whether a 
four-step multidisciplinary 
protocol of antenatal care for 
overweight and obese 
women would reduce the 
incidence of GDM. 
Theoretical Framework 
None specified. 
Type: Diet 
INV: study specific antenatal 
clinic: (i) continuity of care 
provider (ii) weighing on 
arrival, (iii) brief 5 minute 
dietary intervention at each 
visit (iv) psychological 
assessment in intervention if 
indicated 
Dietary INV: food technologist 
asked about eating habits on 
previous say, provided 
information on label reading, 
shopping lists of affordable 
foods and recipes 
 
Who delivered 
Food technologist 
Target 
Not specified 
Weight  
lower GWG in INV (7.0 vs 
13.8 kg, p<0.001). 
Diet 
Reduced consumption of 
‘fizzy’ drinks and juices, and 
fast food. Increased 
consumption in water, fruit 
and vegetables . 
PA 
not reported. 
Maternal/Infant 
Lower GDM rate INV 6% vs 
29% (p=0.043). 
No difference in birthweight. 
A four step management 
plan adopted with obese 
women reduced the 
incidence of gestational 
diabetes. 
Dietary assessment 
methods not specified. 
Dietary intake not compared 
to control-just change from 
first to final antenatal 
appointment-unable to 
determine if changes related 
to intervention. 
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Study 
(no. of reviews 
referencing 
study) 
Study design and 
sample 
Aim, and theoretical 
framework for design 
Intervention details Results Conclusion Limitations 
Comments on quality/ 
interesting findings 
Shirazian et al 
2010227 
 
(3)198 ,202 ,204 
Non randomised 
control trial. 
Obese pregnant 
women. 
Pregravid BMI > 
30kgm2. 
USA. 
N=48 (INV 28, CON 
20). 
Recruited first 
trimester. 
Attrition 25%. 
Aim: Does a lifestyle 
modification program limit 
weight gain during 
pregnancy and reduce 
associated obesity related 
complications. 
Theoretical framework  
None stated. 
Type: Diet and PA. 
INV 6 group sessions, 5 
individual sessions, and 
written information on obesity 
in pregnancy, overcoming 
barriers to healthy living, 
nutrition and exercise in 
pregnancy. 
Who delivered: Not stated. 
Target: Promote healthy 
eating, facilitate calorie 
counting and encourage 
walking as exercise. 
Limit weight gain 7kg. 
Weight 
Intervention gained 
significantly less weight 
(p=0.003). 
No difference in rate of 
excess weight gain >7kg 
(p=0.16). 
Diet/PA 
None reported. 
Maternal/Infant 
No difference in gestational 
age at delivery, infant 
birthweight, pre-eclampsia, 
GDM, C/S, foetal, labour or 
postpartum complications. 
Lifestyle intervention is 
an effective method of 
reducing GWG in the 
obese population. 
Recruitment of control group 
unclear. 
Non randomised. 
Control group significantly 
younger(p=0.008) and less 
first time mothers (p=0.05). 
Thornton et al 
2009211 
(5)14 ,201 ,202 ,205 
,206 
RCT 
Obese pregnant. 
USA. 
Pre-pregnancy BMI> 
30kgm2. 
N= 232 (116 each 
grp). 
Recruited 12-28 
weeks gestation. 
Attrition 10%. 
Aim: Primary perinatal 
outcomes. 
Theoretical framework: 
None mentioned-self 
monitoring. 
Type: Diet, combined group 
and individual. 
Both groups received one off 
dietitian counselling on 
prenatal nutrition guidelines. 
Both groups encouraged to 
exercise for 30 min per day. 
INV: ongoing individual 
monitoring. 
Who delivered: 
Initial contact dietitian, 
ongoing contact physician. 
Targets: 40% CHO, 30% pro, 
30% fat 18-24kcal/kg,. kept 
food record and log book for 
monitoring. 
Weight 
INV Lower weight before 
delivery (<0.001). 
INV Lower weight at 6 
weeks post-partum 
(p<0.001). 
INV Lower weight gain over 
pregnancy (<0.001). 
No difference in weight lost 
from last weight to 6 w pp. 
Maternal/Infant 
INV Lower incidence of 
gestation hypertension 
(p=0.046). 
Diet/PA 
None reported. 
Obese pregnant women 
may be placed on a 
healthy, well balanced, 
monitored nutritional 
program during their 
ante partum course 
without adverse 
outcomes. 
22% non-compliance rate. 
Compliance related to 
bringing food record- not to 
dietary intake. 
No report of actual dietary 
intake. 
Trend to study group 
weighing less at baseline 
(p=0.06) prior to treatment. 
No detail of what physician 
monitoring of log books 
entailed. 
Recruitment 12-28 weeks, 
no mention of average 
gestation at recruitment. 
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Study 
(no. of reviews 
referencing 
study) 
Study design and 
sample 
Aim, and theoretical 
framework for design 
Intervention details Results Conclusion Limitations 
Comments on quality/ 
interesting findings 
Vinter et al 
2011261 
(1)206 
RCT 
Obese pregnant 
women. 
BMI 30-45kg/m2 pre-
pregnancy weight or 
first measured 
weight. 
Denmark. 
N=360 (INV180, 
CON 180). 
Recruited 10-14 
weeks gestation. 
Attrition 16%. 
Aim: Study the effects of 
lifestyle intervention on 
GWG and obstetric 
outcomes. 
Theoretical framework 
None specified. 
Type:  Diet and PA. 
INV: 4x individual dietary 
counselling with dietitian. 
Free full time membership for 
6 months to fitness centre, 1 
hour each week training with 
physiotherapist, pedometer, 
physical activity group 
counselling. 
Who delivered 
Dietitian and physiotherapist. 
Targets 
GWG limit to 5 kg. 
Moderate PA 30-60 minutes 
per day. 
Dietary intake consistent with 
Danish recommendations. 
Weight 
Lower median (range) GWG 
in INV 7.0 (4.7-10.6) vs 8.6 
(5.7-11.5) kg. 
No difference in proportion 
with excess GWG. 
Diet 
None reported. 
Physical Activity 
None reported. 
Maternal/Infant 
no difference in obstetric or 
neonatal outcome. 
Lifestyle intervention 
resulted in limited GWG 
in obese pregnant 
women. High number of 
women still exceeded 
upper threshold of IOM 
guidelines. 
Drop outs older and more 
with BMI > 40 kg/m2 
More smokers in control 
group. 
Wolff et al  
2008212 
(9)14 ,15 ,200-206 
RCT 
Obese pregnant 
women. 
Early  pregnancy 
BMI > 30 kg/m2  
Denmark. 
N= 50 (INV 23, CON 
27). 
Recruited 12-18 
weeks. 
Attrition 24% 
Aim: Can GWG be restricted 
through dietary counselling 
and does this restriction 
impact on glucose 
metabolism. 
Theoretical framework 
 None stated. 
Type: Diet, individual 
counselling. 
INV 10 x 1 h consultations 
with focus on healthy eating 
and energy intake. 
Individualised counselling to 
improve unhealthy eating 
patterns at each visit. 
Who delivered: dietitian. 
Targets: Fat 30% protein 15-
20% CHO 50-55% EER. 
Vitamin supplements 
provided to all participants. 
Weight 
INV Less weight gain 6.6kg 
v 13.3kg (p=0.002). 
INV 6.9 kg less weight at 4 
weeks post-partum than 
control (p=0.003) compared 
to pregnancy wt 36 weeks. 
Diet 
INV Energy and Fat % 
decreased  btw baseline and 
36wks p<.0001. 
Maternal  
 INV Significantly reduced 
fasting BGL at 36 weeks 
(p=0.03). 
Restriction of GWG 
achievable and reduces 
deterioration in glucose 
metabolism. 
Trend for INV to be younger 
(p 0.069) and early in preg 
(p=0.066). 
Did not achieve dietary 
targets. 
Intensive intervention. 
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Study 
(no. of reviews 
referencing 
study) 
Study design and 
sample 
Aim, and theoretical 
framework for design 
Intervention details Results Conclusion Limitations 
Comments on quality/ 
interesting findings 
Interventions aiming to prevent excess gestational weight gain 
Asbee et al  
2009210 
(10)14 ,15 ,198 ,200-
206 
RCT Stratified for 
BMI. 
Pregnant women. 
USA. 
Excluded BMI >40 
kg/m2. 
N=100 (INV 57, 
CON 43). 
Attrition 31%. 
Aim: To examine whether 
diet and lifestyle counselling 
prevents excessive GWG. 
Theoretical framework: 
None. 
Type: Diet and PA Individual 
counselling. 
Who delivered: one dietitian 
visit then nurse or physician. 
Targets: 40%CHO, 30%Pro, 
30% Fat. Advised for 
moderate PA on 3 preferably 
5 days per week. 
Nurse or physician provided 
advice to increase/decrease 
intake and exercise if gain 
outside IOM 
recommendations. 
Weight 
INV Less weight gain 13 v 
16kg p=0.01. 
No difference in rate of 
adherence to IOM guidelines 
between groups. 
Diet/PA 
None. 
Maternal 
CON more C/S for failure to 
progress (p=0.02). 
Infants of mothers who 
gained excess weight 
heavier (p<0.01). 
An organised, consistent 
program of dietary and 
lifestyle counselling did 
reduce GWG.  
No consistency in 
counselling provided. 
Excluded BMI over 40, 
preterm deliveries. 
No mention of diet or 
physical activity behaviours. 
Focussed on weight. 
Bechtel- 
Blackwell et al 
2002229 
(3)200 ,201 ,206 
Quasi experimental 
design. 
Pregnant African 
American teenagers. 
N=46 (INV 22, CON 
24). 
Recruitment in first 
trimester. 
Attrition 23%. 
Aim: To conduct computer-
assisted self interview 
nutritional assessment in a 
pregnancy, adolescent 
African American population 
to examine the effect of 
nutrition education on GWG 
and post-partum weight 
retention. 
Theoretical Framework 
None stated. 
Type: Diet. 
INV 3 x 20 minute group 
sessions for each stage of 
pregnancy. 
CON: 1 individual nutrition 
consult. 
Who delivered: Unclear. 
Targets: None stated. 
Weight 
INV less weight gain in 1st 
trimester (p=0.000), no 
difference in 2nd trimester, 3rd 
trimester INV higher weight 
gain (p=0.006). 
CON higher weight retention 
(p=0.0024). 
Diet/PA 
INV lower fat and calorie 
intake (no other details 
provided). 
Maternal/Infant 
None provided. 
Adolescents with higher 
total GWG likely to have 
higher post-partum 
weight retention and 
nutrition education in 
pregnancy may reduce 
post-partum weight 
retention. 
Selection bias. 
Later enrolment of 12 
participants after first 
trimester. 
Intervention content unclear. 
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Study 
(no. of reviews 
referencing 
study) 
Study design and 
sample 
Aim, and theoretical 
framework for design 
Intervention details Results Conclusion Limitations 
Comments on quality/ 
interesting findings 
Gray Donald et 
al 2000223 
(5)15 ,198 ,200 ,202 
,204 
Historical control 
Cree (Canada) 
women. 
Stratified for BMI< or 
>29kgm2. 
N=219 (INV 109, 
CON 105). 
Recruitment prior to 
26 weeks gestation. 
Attrition 2%. 
Aim: To evaluate an 
intervention aimed at 
improving dietary intake 
during pregnancy, optimising 
GWG, glycaemic levels and 
birthweight and avoiding 
unnecessary post-partum 
weight retention. 
Theoretical Framework 
Social Learning Theory. 
Type: Diet and PA 
Combined individual, group, 
written information and  
community health promotion.
walking groups. 
Who delivered: 
Nutritionist and health 
workers. 
Targets: Increasing dairy 
products, fruit and veges, and 
decreasing high energy foods 
with little nutritional value. 
Staying in GWG guidelines.  
Weight 
No significant difference in 
GWG or post-partum weight 
retention. 
Diet 
No significant differences 
except reduction in caffeine 
(p<0.05). 
PA 
No significant differences. 
Maternal/Infant 
No significant differences. 
The intervention had 
only a minor impact on 
diet, finding ways of 
encouraging appropriate 
body weight and activity 
levels remains a 
challenge. 
Population has specific 
views on diets during 
pregnancy. 
Selection bias. 
Unclear on frequency of 
contact for visits with 
nutrition professional. 
Haakstad et al 
2011272 
(1- reported 
birthweight 
outcomes 
paper250 not 
specifically this 
paper on 
maternal weight 
gain)206 
RCT 
Nulliparous pregnant 
women, no 
structured exercise 
of >60min 
once/week, no 
medical or obstetric 
complications. 
Norway. 
N=105 (INV 52, 
CON 53). 
Recruited prior to 24 
weeks gestation. 
Attrition 20%. 
Aim:  assess a 12 week 
supervised exercised 
programme and self 
imposed PA prevents 
excess GWG and post-
partum weight retention. 
Theoretical framework: 
None mentioned. 
Type: PA 
Aerobic dance classes and 
counselling. 
Who delivered 
Not stated. 
Targets: 
60min aerobic exercise class 
2 x week for 12 weeks + 30 
min PA on remaining 
weekdays. 
GWG within IOM 2009 
guidelines. 
Weight 
No difference in excess or 
total GWG between groups. 
Those attending >24 
sessions 2.8kg less GWG 
p=0.01, more within 
guidelines 100% vs 62% 
p=0.006, lower post-partum 
weight retention 0.8 vs 3.3kg 
p=0.001. 
Diet/PA 
No group differences for PA 
reported despite 
measurement. 
Regular participation in 
aerobic dance classes 
contribute to reduced 
GWG. 
Mean adherence 17 + 12 out 
of 24 prescribed classes, 
only 40% attended more 
than 80% of classes. 
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Study 
(no. of reviews 
referencing 
study) 
Study design and 
sample 
Aim, and theoretical 
framework for design 
Intervention details Results Conclusion Limitations 
Comments on quality/ 
interesting findings 
Huang et al 
2011234 
(23)201 ,205 ,206 
RCT 
Pregnant women, 
over 18 years, speak 
and read Chinese. 
Taiwan. 
N=240 (INV EP 80, 
INV EPP 80, CON 
80). 
Recruited prior to 16 
weeks gestation (EP 
and CON) 24-28 
hours after birth 
(EPP). 
Attrition 22%. 
Aim: examine effect of 
individual counselling on diet 
and PA from pregnant to 6 
months post-partum, from 
birth to 6 months post-
partum on weight retention. 
Theoretical Framework 
None specified. 
Type: Diet and PA. 
EP INV 6 x 30-40 minute 
individual counselling 
sessions (4 during 
pregnancy, 2 post-partum). 
individualised dietary and PA 
plan. 
weight tracking, three day 
food records and self 
monitoring PA with 
counselling sessions. 
EEP INV: as for EP, however 
3 post-partum counselling in 
hospital, 6 weeks and 3 
months post-partum. 
Who delivered 
Nurse. 
Targets 
EP: GWG 1-14kg, balanced 
dietary intake individualised, 
PA individualised. 
EPP not specified. 
Weight 
GWG in EP group lower 
than EEP and CON (14 vs 
15.3 vs 16.2kg) (p<0.001). 
Post-partum weight retention 
lower in EP compared to 
other groups (2.3 vs 4.1 
vs5.1kg) (p<0.001). 
Diet/PA 
Health promoting behaviour 
at 6 months post-partum. 
Nutrition scale and PA scale 
EP and EPP higher than 
CON. 
Psychosocial measures 
Self efficacy improvements 
greater in EP than other two 
groups. 
Maternal/Infant 
Not reported. 
Diet and PA intervention 
from pregnancy is 
effective for reducing 
post-partum weight 
retention. 
Measured social support, 
self efficacy, body image 
and overall health promoting 
behaviour changes between 
groups. 
Hui et al 2006215 
(7)15 ,198 ,202-206 
RCT pilot study 
Pregnant women. 
Canada. 
N=45 (INV 24, CON 
21). 
Recruited <26 weeks 
gestation. 
Attrition 13%. 
To determine the feasibility 
of implementing a 
community based lifestyle 
intervention targeted at 
socioeconomically deprived 
pregnant women to reduce 
risks of obesity and 
diabetes. 
Theoretical Framework 
None reported. 
Type: Diet and PA. 
Weekly group exercise 
session and home based 
exercise program 
Computer assisted 
personalised meal plan for 
frequency and portion size for 
food choices based on 
dietary assessment. 
Who delivered 
dietitian and trainers. 
Targets: Exercise 30-45 
minutes 3-5 days a week, 
Dietary individualised based 
on dietary recommendations 
for pregnancy. 
Weight 
No significant difference in 
GWG or adherence to 
guidelines between groups. 
Diet 
INV changed EN intake to 
more closely reflect 
recommended (stats not 
reported). 
PA 
INV higher level at end of 
pregnancy (p=0.005). 
Maternal/Infant 
Not significant differences. 
An RCT using a 
community based 
lifestyle intervention in 
pregnant women is 
feasible and safe and 
has the potential to 
reduce adverse 
pregnancy outcomes. 
Unclear of frequency of 
dietetic contact. 
Small sample size especially 
overweight participants. 
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Hui et al 2012259 
(1)206 
RCT 
Pregnant women. 
Canada. 
N=224 (INV 112, 
CON 112. 
Recruitment <26 
weeks gestation. 
Attrition 15%. 
Aim: examine the effect of 
an exercise and dietary 
intervention during 
pregnancy on excess GWG, 
dietary habit and physical 
activity. 
Theoretical Framework 
None mentioned. 
Type:  Diet and PA. 
2 x individual dietary 
counselling- enrolment and 2 
months after enrolment. 
Community based exercise 
program, home exercise 
counselling, video and 
supervised classes. PA log 
books weekly. 
Who delivered: 
exercise physiologist and 
dietitian. 
Target 
30-45 minutes mild to 
moderate PA, 3-5/7.  
Health Canada food intake in 
pregnancy guidelines. 
GWG within IOM guidelines. 
Weight 
Lower EGWG INV (35% vs 
55%), no difference in mean 
weight gain. 
Diet 
INV lower energy, CHO, fat 
and saturated fat intake 2 
months after enrolment. 
PA 
INV higher PA index 2 
months after enrolment 1.45 
vs 1,85, p<0.001. 
Maternal/Infant 
no difference birthweight, 
LGA, GDM, CS. 
Lifestyle intervention in 
pregnancy improved 
dietary habits, increased 
PA and reduced excess 
GWG. 
Used 3 day food records to 
assess dietary intake 
baseline and 2 months after 
enrolment. 
Jackson et al 
2011235 
(2)201 ,206 
RCT 
Pregnant women. 
USA. 
N=321 (INV158, 
CON 163). 
Recruited prior to 26 
weeks gestation. 
Attrition 11%. 
Aim: To determine if an 
interactive, computerised 
video doctor counselling tool 
improves self reported diet 
and exercise in pregnant 
women. 
Theoretical framework: 
Motivational interviewing. 
Type: Diet and PA. 
INV: 2 x diet and PA 
counselling by video doctor 
(computer simulated actor). 
Who delivered: computer 
simulated actor. 
Target: 
Increase F&V and whole 
grains; increase healthful vs 
unhealthy fats and decrease 
sugary foods. 
Weight 
No difference on rate, total 
gain or proportion outside 
IOM guidelines. 
Diet: 
Increase in F&V, whole 
grains and healthy fats and 
decrease in fried foods and 
solid fats in INV group. 
PA 
No difference between 
groups. Increase in 
minutes/week INV from 
baseline to follow up. 
 
Maternal/Infants 
Not reported. 
A brief video doctor 
intervention can improve 
exercise and dietary 
behaviours in pregnant 
women. 
INV group significantly 
improved fat knowledge and 
knew correct weight gain 
compared to CON. 
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Jeffries et al 
2009216 
(4)15 ,201 ,202 ,206 
RCT 
Pregnant women. 
Australia. 
N=236 (INV 125, 
CON 111). 
Recruited prior to 14 
weeks gestation. 
Attrition 17%. 
Aim: To determine if regular 
weight measurement 
through pregnancy can 
reduce excess GWG. 
Theoretical framework: 
None stated. 
Type: Weight monitoring. 
INV Personalised weight 
measurement card based on 
BMI at time of recruitment. 
Who delivered: self and 
student researcher. 
Target: weight in 
recommended range. 
Weight 
No difference on rate of 
weight gain except in pre-
obese subgroup. 
Diet/PA 
None. 
Maternal/Infant  
No significant differences. 
Regular weight 
measurement in 
pregnancy was not 
found to be effective in 
reducing weight gain 
except in pre-obese 
women. 
Does not report analysis of 
differences between groups 
on total weight gain. 
Women monitoring weight 
themselves. 
No clinician contact and no 
advice on how to achieve 
appropriate GWG. 
Kinnunen et al 
2007226 
(6)15 ,198 ,200 ,202 
,204 ,205 
Quasi experimental 
Pregnant women. 
Finland. 
N=105 (INV 49,CON 
56). 
Recruitment 8-9 
weeks gestation. 
Attrition 21%. 
Aim: To investigate whether 
individual counselling on 
lifestyle during pregnancy 
can have positive effects on 
diet and leisure time 
physical activity and prevent 
excess GWG. 
Theoretical Framework 
Grounded model of 
individual counselling.273 
Type: Diet and PA, individual 
counselling. 
INV clinics, five visits in total. 
Information on GWG at first 
visit 8-9w gestation. 
Physical activity counselling 
and planning-5 sessions. 
Dietary counselling-4 
sessions. 
Sessions may take place in 
same visit. 
Who delivered 
Public health nurses. 
Targets: Diet-regular meal 
pattern, 5 serves fruit and 
vegetables, high fibre breads 
and avoid high sugar snacks. 
PA-individualised weekly plan 
for minimum 30 minutes 
moderate intensity 5 days 
each week and 40 minutes 
high intensity 3 times week. 
Weight 
No difference in weight gain 
between groups. 
Diet 
INV Increase in fruit and 
vegetables 0.8 portions/d 
(p=). 
INV increase proportion of 
high fibre bread 12% 
difference between groups 
(p=). 
No difference in high sugar 
snack portions or meal 
pattern variables. 
PA 
No difference in physical 
activity. 
Maternal/Infant 
Significantly more babies 
>4,000g in control group 
(p=0.006). 
The counselling helped 
pregnant women to 
maintain the proportion 
of high fibre bread and 
to increase vegetable, 
fruit and fibre intakes but 
was unable to prevent 
excessive gestational 
weight gain. 
Selection bias. 
Clinics volunteered to be 
intervention. 
Differences in baseline 
characteristics of groups. 
-INV higher mean pre-
pregnancy BMI. 
-more smokers INV (most 
stopped smoking in 
pregnancy). 
-INV less educated. 
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Olson 2004224 
 
(5)15 ,198 ,200 ,202 
,204 
Historical control 
Pregnant women. 
Early pregnancy BMI 
=20-29kgm2. 
USA. 
N= 560 (INV 179, 
CON 381). 
Recruitment before 
third trimester. 
Attrition 8%. 
Aim: To evaluate the 
efficacy of an intervention 
directed at preventing 
excessive GWG. 
Theoretical framework: 
None stated. 
Type: Diet, PA and weight 
monitoring, written 
information by mail. 
INV: Wt gain grid , self 
monitoring tools and “Healthy 
Checkbook” on healthy eating 
and exercise in pregnancy 
tips. 
5 x newsletters and goal 
setting cards. 
Who delivered: 
By mail- unclear who 
provided. 
Targets: GWG in IOM23 
guidelines. 
Weight 
No difference in overall 
GWG or proportion gaining 
excess weight. 
In low income women  52% 
CON gained excess wt 
compared to 33% INV 
(p<0.01). 
Low income owt women 
72% CON and 44% INV 
excess GWG (p=0.04). 
Weight retention 1 year no 
difference. 
Diet/PA 
None. 
Maternal/Infant 
No difference. 
The intervention 
appeared to reduce the 
risk of excess GWG only 
in the low income 
subgroup. 
Selection bias. 
Phelan et al 
2011219 
(4)201 ,202 ,205 ,206 
RCT 
Pregnant women, 
non smoking,  BMI 
19.8-40kg/m2. 
USA. 
N=401 (INV 201, 
CON 200), stratified 
for pre-pregnancy 
weight NW, OW/OB. 
Recruitment 10-16 
weeks gestation. 
Attrition 20% at 6 
months post-partum. 
Aim: To examine whether a 
behavioural intervention 
during pregnancy could 
decrease the proportion of 
women who exceed the IOM 
recommendations for GWG 
and increase proportion of 
women who return to pre-
gravid weight by 6 months 
post-partum. 
Theoretical Framework 
Social learning theory. 
Type: Diet and PA and weight 
self monitoring. 
INV: one face to face visit 
with interventionist-discussed 
GWG, PA, calorie goals, 
emphasis on decreasing high 
fat foods, increasing PA, self 
monitoring eating PA and 
weight; weekly mailed post 
cards promoting healthy 
eating and PA; personalised 
weight graphs with feedback; 
three 10-15 minute dietitian 
calls; GWG outside targets 
during any 1 month received 
additional phone calls. 
Who delivered 
Unclear who provided initial 
appointment. 
Dietitian phone calls. 
Targets 
30 minutes PA most days of 
week; 20kcal/kg. 
Weight 
less NW excess GWG 52 vs 
40%, (p=0.003), no 
difference OW/OB. 
more NW and OW/OB 
returned to pregravid weight 
by 6 months post-partum in 
INV 30% vs 19% (p=0.005). 
Diet/PA 
Not reported. 
Maternal/infant 
Reduced risk gestational 
HTN in INV NW women OR 
0.15; 95%CI 0.02,0.75, 
p=0.02 
A low intensity 
behavioural intervention 
can reduce excess 
GWG in NW women and 
prevent post-partum 
weight retention at 6 
months in NW and 
OW/OB women. 
Body weight scales, food 
records and pedometers 
provided to participants in 
INV. 
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Polley 2002208 
 
(11)14 ,15 ,198-206 
RCT 
BMI >19.8kgm2 
(stratified for BMI). 
N= 120 (INV 57 
CON 53). 
Recruitment before 
20 weeks gestation. 
Attrition 8%. 
Aim: To determine whether 
a stepped car, behavioural 
intervention will decrease 
the percentage of women 
who gain more than the 
IOM23 recommendations. 
Theoretical framework 
None stated. 
Type: Diet and PA. 
Individualised counselling. 
stepped care with increasing 
intervention if weight gain 
deviated from expected path.
Phone contact between clinic 
visits. 
CON counselling on nutrition 
by regular care providers. 
Who delivered: Nutritionist or 
psychologist. 
Targets: Diet decreasing high 
fat foods, replacing these with 
healthier alternatives such as 
fruit and vegetables, more 
structured plan provided if 
these failed. PA- increasing 
walking and more active 
lifestyle. 
Weight 
INV Reduction in excess wt 
gain during pregnancy in 
health wt women (63% v 
93%) (p<0.05) only with a 
trend for the opposite to 
occur in the overweight 
women (0.09). 
Diet/PA 
No significant differences. 
Maternal/Infant 
No significant differences. 
The intervention 
reduced excess GWG 
among healthy weight. 
Refusal rates higher in 
African American and 
African American overweight 
women. 
INV Pre-obese subgroup 
women lighter  pre-
pregnancy. 
20 Women  put on bed rest- 
not reported how treated 
except excluded from 
exercise analysis. 
Unclear how much 
visits/contact frequency 
each participant had. 
INT=intervention group, CON=control group, PA=physical activity, GWG=gestational weight gain, EN=energy intake, QoL=quality of life, NW=normal weight, OW=overweight, OB=obese, 
HTN=hypertension, EP=early pregnancy, EPP=early post-partum, F&V=fruit and vegetables. 
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More than half of the studies examined were RCTs (15/21), however, most had small 
sample sizes ranging from 22 to 201 for intervention groups and 20 to 381 for control 
groups. Unfortunately, the larger sample sizes are associated with non-randomised 
studies223-225 and it is likely that selection bias is a considerable factor in these 
studies. Sample size justifications were included in ten studies210 ,211 ,213 ,219 ,221 ,222 ,234 
,259 ,261 ,272 (all RCTs) using predominantly 80% power and alpha at 0.05.210 ,211 ,213 ,216 
,222 ,234 ,259 The description of the outcome measures for the sample size calculation 
varied. Only three studies managed to recruit and retain the number of participants 
required.211 ,216 ,259 While the evidence is improving, particularly in the past 12 
months, there are weaknesses in study design and measures that impact on the 
overall quality of research to base recommended practice. 
2.4.3.1 Diet intake and intervention 
Modification of energy intake is accepted as an important component in any weight 
management program274 However, there are difficulties in determining appropriate 
energy intakes in pregnancy (see section 2.2.2, page 34) and a lack of evidence to 
practically guide modification of dietary intake to achieve the appropriate energy 
intake. All but three216 ,221 ,272 of the primary studies examined include a component of 
dietary modification. There was wide variability in the specific dietary prescription and 
intervention strategies involved in the studies. Four studies set specific macronutrient 
prescriptions based on the percentage of energy intake ranging from 40% 
carbohydrate (CHO), 30% protein (Pro) and 30% fat210 ,211 to 50-55% CHO, 10-20% 
Pro, 30-35% Fat.212 ,213 Unfortunately, despite setting these targets, Thornton et al 
(2009)211 and Asbee et al (2009)210 did not measure or report dietary intake in study 
participants. Although Wolff et al (2008)212 and Guelinckx et al (2010)213 reported a 
reduction in percentage energy from fat, and an increase in protein percentage, 
specific macronutrient prescription targets were not met. In the remaining studies,208 
,215 ,222-227 ,229 ,234 ,235 ,259 ,261 where dietary advice was provided, the dietary 
prescription was not consistent. The descriptions varied from “nutritional needs 
specific to the women’s stage of her pregnancy”229(pg 456) to “improving intake of dairy 
products and fruits and vegetables while decreasing the intake of high-energy feeds 
with little nutritional value”.223(p. 1,248) Within the primary studies, there were also 
inconsistencies in which health professionals provided dietary advice or counselling. 
While the majority of initial counselling was provided by a dietitian, only the study by 
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Wolff et al212 clearly involved ongoing contact with a dietitian throughout the 
intervention period. In all studies, there was a wide variation in the frequency of 
contact with nutritional professionals. Three primary studies did not report on the 
specific professional who delivered the nutrition intervention224 ,227 ,229 or how 
frequently participants received contact.208 ,215 ,227. The primary studies ranged from 
no dietetic consultations,222 ,224 ,225 ,234 ,235 one initial consultation,210 ,211 ,215 ,223 multiple 
group dietary education sessions,213 ,229 multiple individual dietetic consultations219 
,259 ,261 and up to 10 one hour individual dietetic consultations.212 This diversity in the 
dietary intervention has the potential to impact on the outcomes of programmes and 
certainly the replication of results. Of the review papers, only two papers14 ,15 
provided details of the frequency of dietetic contact in their summary tables, with 
inconsistent reporting of dietary advice or targets. 
SUMMARY 
The most appropriate dietary intake to support appropriate weight gain and optimal 
maternal and infant outcomes is not known. From examination of the primary studies, 
where changes in dietary intakes are reported, it appears that a reduction in fat 
intake can be achieved through ongoing counselling with a dietitian. This alone may 
not be sufficient to impact on GWG. Dietary modification in line with healthy eating 
guidelines for pregnant women should form a component of intervention studies. 
2.4.3.2 Physical activity 
Physical activity and sedentary behaviour impact on energy expenditure and, 
therefore, potentially influence energy balance. Of the 20 primary studies included in 
Table 2.13, 16 studies208 ,210 ,213 ,215 ,219 ,221 ,223-227 ,234 ,235 ,259 ,261 ,272 include some 
component of physical activity modification in the intervention. The details of physical 
activity prescription and intervention included in the primary studies are varied. While 
there was a physical activity component in 16 of the studies examined, only 10 
reported physical activity levels.208 ,213 ,215 ,223 ,226 ,234 ,235 ,259 ,272 The majority of primary 
studies provided advice, either verbally or written,208 ,210 ,213 ,219 ,224-227 ,234 ,235 to 
participants on how to exercise or to increase activity in pregnancy, whereas others 
also offered exercise or activity classes to attend in addition to this advice.215 ,221 ,223 
,225 ,259 ,261 ,272 Measurements of physical activity outcomes were inconsistent between 
studies. Of those studies where physical activity was reported in results, only three 
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studies by Hui et al (2006),215 (2012)259 and Huang et al 2011234 reported an 
intervention effect for higher levels of activity in the intervention group. 
SUMMARY 
It is likely to be important to include a component of physical activity modification in 
any intervention for management of maternal weight issues. However, the variability 
in the specific details reported in the literature and the lack of demonstrated results in 
behaviour change mean that the intensity, nature and type of activity is unknown. 
There is little research reporting on the differences between increasing physical 
activity, either aerobic or resistance, in comparison to a reduction in sedentary 
behaviour during pregnancy. 
2.4.3.3 Behaviour modification and theory 
The reviews by Skouteris et al (2010)15 and Gardner et al (2011)204 are the only two 
of the ten reviews that address the component of behaviour modification. Very few 
studies reported a theoretical framework in the development or delivery of the 
interventions. Motivational interviewing was utilised as a behaviour modification 
technique in two studies,225 ,235 while another226 reported a practical model of 
individual counselling,273 and Social Learning Theory was used to guide the 
development of the two interventions.219 ,223 While the majority of the studies were 
aimed at influencing gestational weight gain, Skouteris and colleagues15 highlight that 
many of the interventions fail to measure key behavioural components, choosing 
instead to focus on weight-related outcomes. Skouteris et al (2010) and Gardner et al 
(2011) dedicate a large component of their discussions to the lack of behaviour 
modification components in the interventions and highlight that: 
In recent times, the emphasis on using a combination of behavioural and 
psychological interventions in addition to patient education has been stressed, 
given the growing recognition that information/education/advice alone is not 
sufficient to produce significant changes in health behaviour.”15(p. 766) 
Despite this recognition, there is little or no investigation of the effectiveness of 
behavioural and psychological interventions in the management of weight issues in 
pregnancy. 
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2.4.4 Summary of Evidence to Guide Interventions 
This literature review highlights the paucity of good quality evidence to guide 
interventions that aim to prevent excess gestational weight gain and manage weight 
in overweight pregnant women. Review papers may provide a useful summary of 
intervention outcomes, however, in examining intervention characteristics, primary 
studies should be consulted and critiqued. The intervention studies reviewed in the 
ten systematic reviews vary considerably in study design, population groups, sample 
size, intervention detail, such as the duration, professional delivering education and 
follow up contact, the frequency of contact, the detail of education and health 
behaviour targets. While some dietary and physical activity modification, albeit 
inconsistent between studies, has been attempted by most study groups, there is a 
clear lack of effective theory-based intervention design, with less than a quarter of 
studies acknowledging a known theoretical framework. This lack of evidence-based 
intervention development may go some way to explaining why limited outcomes from 
interventions have been observed. While most studies have focussed on the 
maternal and infant outcomes at delivery and gestational weight gain, none have 
considered future childhood overweight. Very few studies have included dietary and 
physical activity behaviour changes and determinants of these behaviours as 
outcomes in themselves. 
2.5 CONCLUSION: LITERATURE REVIEW 
Section 2.1 of the literature review summarised the problem of maternal overweight, 
identifying the increasing trend and the consequences associated for both the 
mothers and their offspring during the perinatal and early post-partum period, and 
well into the future. The risk factors that were considered to be modifiable during 
pregnancy, and which contribute to the pathways to future overweight for mothers 
and infants, were addressed in section 2.2. Overweight and excess GWG is common 
and both are strongly associated with a range of short and long term adverse 
outcomes. An important adverse outcome is maternal and child overweight. Key 
guidelines for healthy eating and physical activity, two lifestyle behaviours associated 
with weight status, are not being met by many pregnant women. It is unclear how this 
is different according to pre-pregnancy weight status. Section 2.3 of the literature 
review presented health behaviour changes from a theoretical perspective, 
examining dominant health behaviour theories and how their constructs overlap. This 
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section also examined why theory should inform intervention and pregnancy is the 
ideal time for change. Section 2.4 critiqued the evidence to guide effective 
management of weight issues in pregnancy. The literature presented in this section 
highlights the lack of good quality interventions to guide the prevention and 
management of excess weight in pregnancy. The interventions examined failed to 
provide adequate details of interventions, there was inconsistency in targets and 
limited evidence of use of theory to guide the development of behaviour change 
strategies. 
There is a pressing need to investigate the issue of maternal overweight, with 
increasing prevalence impacting on the short and long term health of mothers and 
infants, and associated health care costs. Despite this, further evidence is needed on 
how best to intervene. While the problem of maternal weight status has been 
identified, the problem of excess gestational weight gain in Australia has received 
much less attention, at least in part because women are not routinely weighed as 
part of obstetric care. Several modifiable factors during the perinatal period have 
been implicated in the development of overweight in both mothers and their offspring. 
Excess maternal weight gain, potentially linked to nutritional intake and physical 
activity, has been associated with overweight in both mothers and their offspring. 
Health behaviour theories provide a framework for conceptualising the complexity of 
behaviour change. While there are several dominant theories that have been applied 
to nutrition and physical activity behaviours, the constructs overlap significantly. 
Utilising these constructs to examine health behaviours can provide an insight into 
suitable behaviour modification targets and techniques. Unfortunately, this has not 
been done well in the pregnant population, particularly with women who commence 
pregnancy overweight and those that gain too much weight. The issue of behaviour 
modification strategies have not been given consideration in interventions that have 
been implemented with overweight pregnant women or those aiming to prevent 
excess gestational weight gain. 
Evidence to inform the development of interventions is limited in scope, quality and 
design. Importantly, the lack of evidence regarding influences on health behaviours, 
and how this may differ according to weight status and weight gain in pregnancy, is a 
significant limitation in the field to date. 
   
Chapter 2: Literature Review 111 
In summary, overweight and excess GWG is common and adverse outcomes 
associated with both these risk factors are well established in the literature.Pregnant 
women are not meeting key guidelines relating to nutrition and physical activity. It is 
unclear how common excess GWG is in Australian women and if this differs 
according to pre-pregnancy weight status. Pregnancy is an opportune time to provide 
education and support to pregnant women relating to nutrition, physical activity and 
weight related issues. However, the determinants of and influences on these key 
health behaviours require further investigation to ensure that services and targeted 
interventions are designed with appropriate behaviour modification strategies. 
The New Beginnings Healthy Mothers and Babies Study used a theoretical 
framework informed by a health promotion, intervention planning model to examine 
four domains of the research aims: 
NUTRITION AND PHYSICAL ACTIVITY DOMAIN 
• Describe the importance of and knowledge relating to healthy eating and 
physical activity in pregnancy. 
• Examine differences in eating and physical activity behaviours between healthy 
and overweight women. 
MATERNAL PSYCHOSOCIAL DOMAIN 
• Describe the differences, between healthy and overweight women, of 
psychosocial factors associated with healthy eating, physical activity and 
gestational weight gain. 
• Examine psychosocial factors associated with healthy eating and physical 
activity for healthy and overweight women. 
MATERNAL WEIGHT DOMAIN 
• Describe the prevalence of excess gestational weight gain (see below) and 
examine this according to pre-pregnancy weight status. 
• Identify early pregnancy (<20 weeks gestation) factors that predict excess 
gestational weight gain at 36 weeks. 
The Institute of Medicine recommendations for gestational weight gain will be used to 
define excess gestational weight gain.6 
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SERVICE DELIVERY DOMAIN 
• Describe the advice and support received by pregnant women from health 
professionals relating to healthy eating physical activity and gestational weight 
gain. 
• Describe the support services, if any, that pregnant women want to help them 
engage in healthy lifestyles and gain appropriate weight. 
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Chapter 3: Methodology 
This chapter describes the study design and research procedures. Section 3.1 details 
the overall methodology and theoretical frameworks underpinning the research 
design. Section 3.2 gives details of the participants of the study, including sample 
size calculations and recruitment feasibility; section 3.3 outlines the study 
procedures; section 3.4 provides details of instruments; section 3.5 describes how 
data was analysed; section 3.6 addresses ethical, health and safety considerations, 
and section 3.7 outlines the project budget. 
3.1 METHODOLOGY 
3.1.1 Methodology 
A prospective, observational study was conducted. A cohort of pregnant women was 
recruited early in pregnancy and followed until four months post-partum. A 
combination of self administered questionnaires (SAQ), measured height and weight 
and routine pregnancy outcome data has been used to answer the study questions. 
3.1.2 Participants 
Participants were women receiving antenatal care and planning to deliver their baby 
at the Royal Brisbane and Women’s Hospital (RBWH). The RBWH is the main public 
provider of obstetric services to women in Brisbane. It provides tertiary obstetric 
services throughout Queensland and northern New South Wales (NSW). There are 
five different models of maternity care catering for the varied needs of women, 
including those at high risk. These models are (a) general practitioner shared care, 
(b) team midwifery care, (c) birth centre care, (d) obstetric care and (e) private 
obstetric care. There are approximately 4,500 babies delivered each year at the 
RBWH. Exclusion criteria, set at the time of recruitment, were insufficient English 
language skills to complete questionnaires and pre-existing type 1 or 2 diabetes. 
Additionally, those women who delivered a very preterm baby (prior to 32 completed 
weeks gestation), a baby with major health problems or women who experienced a 
neonatal death were withdrawn from the study. Baseline information was retained for 
a description of women withdrawing unless specifically requested otherwise. Of the 
women booking their offspring’s birth at the RBWH, approximately 50% were pre-
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obese or obese,275 which is consistent with state-based prevalence data.3 One aim of 
recruitment was to approach all eligible women to ensure that a consecutive sample 
was recruited to minimise bias. 
3.1.3 Sample Size 
Sample size was calculated on categorical variables, as these are known to have 
higher sample size requirements than continuous variables.276 All calculations 
outlined in Table 3.1 used a 90% confidence with a 0.05 significance level. Published 
literature was used to estimate the prevalence. 
Table 3.1 Sample size calculations for categorical outcome variables 
Outcome Estimated true 
prevalence 
Estimated clinical 
significant differences 
Required 
sample size 
Population prevalence of excess gestational weight 
gain107 ,132 
50%  384 
Difference between prevalence of excess weight 
gain for normal weight and overweight pregnant 
women107 ,132 
40% normal weight 
60% overweight  
20% difference clinically 
significant 
126 per group 
(252 total) 
Difference in maternal feeding practices at 4 
months post-partum13 
20% normal weight 
10% overweight  
10% difference clinically 
significant 
263 per group 
(total 526) 
 
To allow for a 40% attrition rate, including preterm deliveries, the sample size target 
was set at 736 participants. Recruitment was conducted over a six month period to 
ensure that there was not substantial overlap between data collection time points. 
The adverse outcomes associated with pre-pregnancy overweight and excess GWG 
are well established in the literature (see Section 2.1.2 and Section 2.2.4.4. The New 
Beginnings Healthy Mothers and Babies Study did not seek to explore pregnancy 
outcomes by weight status or GWG categories; therefore an adequate sample size 
for clinical outcomes was not required. 
3.2 PROCEDURE AND TIMELINE 
3.2.1 Recruitment 
A combination of two methods was used to recruit the sample of pregnant women. 
This process is outlined in Figure 3.1. 
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Figure 3.1 Recruitment flow chart 
3.2.1.1 Mail-out 
A Recruitment Information Sheet (Appendix D) was sent by Maternity Outpatients 
administrative staff to all women referred to the RBWH for antenatal care with the 
hospital registration information and included a reply paid envelope. Upon return of 
the ‘consent to be contacted’ slips, hospital administrative staff placed the form into a 
box in their office. The researcher collected the slips, entered all potential 
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participants’ information into a spreadsheet and screened hospital booking systems 
for potential participants’ eligibility. Those ineligible were not contacted. Potential 
participants who preferred to be contacted by mail were sent a cover letter with a 
Participant Information Sheet (Appendix E), Consent Form (Appendix F), a reply paid 
envelope and a T1 questionnaire. Each questionnaire was labelled in pencil with a 
temporary ID coding system of NBM (New Beginnings mail) to indicate that it was a 
mail-out questionnaire. 
Women who returned a completed consent form and questionnaire were met at their 
first ‘booking in’ appointment. The temporary ID number on the questionnaire was 
transferred to a permanent study ID code of NB 001-715 at this time. 
Those potential participants from mail-out recruitment who had not made contact 
(either declining or consenting) were approached in the clinic at their first ‘booking in’ 
appointment to ask if they would like to participate. After a number of weeks of 
recruitment it became evident that many women who were given a ‘mail-out’ pack 
were forgetting to return or bring the questionnaire, yet they indicated that they 
wished to participate. On many occasions, there were anywhere from two to ten 
weeks from the time of mailing to first ‘booking in’ appointment. A reminder system 
was implemented, whereby a telephone call was made on the day prior to the first 
appointment to all potential participants from the mail-out who had not returned any 
information. This reminder call indicated that, if they did wish to participate, a 
researcher would meet them at the clinic to collect the questionnaire and consent 
form. This appeared to increase the returning of completed questionnaires and 
consent forms from mail-out participants. 
3.2.1.2 Face to face 
A consecutive, unselected sample of pregnant women were approached in the 
waiting room of the antenatal clinic by a researcher (PhD candidate or undergraduate 
student) at their ‘booking in’ appointment. A standardised script was used to outline 
the study. Women who had previously declined participation, through returning the 
‘mail-out’ pack incomplete, and women who fulfilled the exclusion criteria identified 
from booking records, were not approached in the clinic. Those women who 
consented to participate were given a copy of their consent form, the initial 
questionnaire with unique study ID and a reply paid envelope. 
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All study participants had their height and weight measured at the first hospital 
appointment and a pink sticker placed in the participants Pregnancy Health Record 
(PHR), indicating that they were participating in the study, with PhD candidate 
contact details. 
3.2.2 Data Collection 
Data collection occurred at four time points, two of which involved face to face 
participant contact. Table 3.2 outlines the data collected at each time point. 
Time point one (T1) was at about 16 weeks gestation: Participants who had not 
returned their questionnaire in the three weeks following their first clinic visit were 
sent a reminder letter with a replacement questionnaire and reply paid envelope. The 
cover letter informed women that, if they no longer wished to participate in the study, 
they should return the questionnaire incomplete, so that they were not contacted 
further. 
Time point two (T2) was at 36 weeks gestation. The T2 questionnaire was sent to 
participants approximately two weeks prior to their scheduled appointment. Women 
who had not returned a T1 questionnaire remained in the study unless they had 
actively withdrawn and were sent the T2 questionnaire. The questionnaire was 
collected at a hospital appointment. Women who forgot their questionnaire were 
given another reply paid envelope, and a reminder phone call was made if the 
questionnaire was not returned with one week. 
Time point three (T3) was upon delivery. No direct contact with participants was 
made, instead, data was collected from an obstetric database. The hospital’s Health 
Information Management department provided data in an electronic form. 
Participants were asked to specifically consent to this record-based data collection at 
the commencement of the study. 
Time point four (T4) was at four months post-partum. Any adverse outcomes were 
identified at T3 from hospital records and those mothers with significant adverse 
outcomes, resulting in foetal death or significant disability, were withdrawn from the 
study. The T4 questionnaire was mailed to the remaining women. A reminder letter 
with a new questionnaire was sent to those mothers who had not responded within 
three weeks. A reminder telephone call was made after five weeks of no response, 
with the option of completing a subset of the questionnaire over the phone. 
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Data from T1 and T2 are the focus of this thesis. Instruments and variables 
associated with these time points will be detailed and the results presented in 
chapters of this thesis. 
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Table 3.2 Data collection for each domain with corresponding time points 
 Maternal Weight Domain Maternal Knowledge and Behavioural Domain Infant Domain 
Time point 1: <20 weeks 
 
August 2010 – January 
2011 
• Pre-pregnancy weightb and BMI 
• Weighta 
• Heighta 
• Knowledge and risk perception for weight status and 
weight gain for maternal healthb 
• Predisposing, reinforcing and enabling factors for health 
behaviours 
• Health behavioursb 
• Knowledge and risk perception for weight status and 
weight gain for infant  healthb 
• Maternal infant feeding intentionsb 
Time point 2: 36 weeks 
 
December 2010- June 
2011 
Weighta and gestational weight gaina • Health behavioursb 
• Reinforcing and enabling factors for health behavioursb 
• Maternal infant feeding intentionsb 
Time point 3: Delivery 
 
January- July 2011 
• Pregnancy and delivery 
outcomesc (covariates) 
• Nil • Infant outcomesc 
• Infant feeding methodc 
Time point 4: 4 months 
post-partum 
 
April-November 2011 
• Post-partum weightb • Support sought for health behavioursb  • Maternal feeding practicesb 
• Infant feeding modeb 
a Measured; b Self administered questionnaire; c Routine data sources. 
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3.2.3 Overall Project Theoretical Framework 
The PRECEDE-PROCEED model of health program planning provides a 
framework for the assessment, implementation and evaluation of health 
promotion programs.17 The model provides the overarching structure for 
developing effective health behaviour interventions. The assessment 
components of the PRECEDE-PROCEED model provide the structure to 
integrate the health behaviour change theories presented earlier. The model 
is represented by the predisposing, reinforcing, enabling constructs in 
education diagnosis and evaluation (PRECEDE) and the policy, regulatory 
and organisational constructs in educational and environmental development 
(PROCEED) components and is outlined in Figure 3.2. Within the PRECEDE 
component, there are four phases of assessment17 and four PROCEED 
phases. This thesis is only concerned with the first three PRECEDE phases 
(see paragraph below Figure 3.2): 
Phase 1: Social assessment (and situational analysis)—the exploration of 
social determinants of health and quality of life to identify problems. 
Phase 2: Epidemiological, behavioural and environmental assessment—the 
identification of risk factors associated with health problems. 
Phase 3: Educational and ecological assessment—the identification of 
predisposing factors such as knowledge, attitudes and beliefs; reinforcing 
factors such as rewards and feedback following adoption of behaviours; and 
enabling factors such as skills resources and barriers to engaging in targeted 
health behaviours.277 
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Figure 3.2 The PRECEDE-PROCEED model277 
 
The PRECEDE phase 4 and the PROCEED component phases (5-8) relate 
to the design, implementation and evaluation of the health program277 and is 
beyond the scope of this doctoral project. 
In the context of practical health service delivery the application of this 
complete model can potentially be time consuming and adapted versions are 
often used.16 The authors of this model, Green and Kreuter,17 acknowledge 
that, within many health organisations, problems are predetermined, 
consequently the social assessment and situational analysis of the model is 
frequently omitted from planning. With the problem of maternal obesity and 
its consequences for health outcomes identified from the literature (phase 1), 
the scope of this project was limited to phases 2 and 3 of this model. 
3.2.3.1 Health behaviour theoretical framework 
Common constructs from the health behaviour theory review (section 2.3.2 
on page 62) were used to guide the measurement of predisposing, 
reinforcing and enabling factors associated with target health behaviours. 
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Assessment of these factors corresponded to phase 3 of the PRECEDE 
component of the model.17 
The constructs examined in this research project were: 
• Predisposing factors: the precursors to behaviour that provide the 
rationale or motivation for the behaviour.17 
Knowledge: relating to pre-pregnancy weight status, gestational weight 
gain, healthy eating and physical activity. 
Risk perception: relating to pre-pregnancy weight status and gestational 
weight gain for maternal and infant health. Risk perception refers to an 
individual’s perceived susceptibility to a health threat.140 ,278 Health 
behaviour intentions: participants’ explicit decisions to behave in a 
certain way, with respect to healthy eating, physical activity and weight 
gain.278 
Outcome expectations: relating to perceived positive or negative 
consequences of healthy eating, physical activity and weight gain.146 
Self efficacy: relating to perceived capability to implement certain 
behaviours consistent with healthy eating, weight control and physical 
activity.156 
• Reinforcing factors: factors that provide continuing reward or incentives 
to continue behaviours.17 
• Health professional and social support: relating to support and advice 
received for healthy eating, physical activity and weight control in 
pregnancy. 
• Enabling factors: those precursors that enable a motivation or intention 
to be realised.17 
• Barriers: relating to the cost of healthy food, time to prepare healthy 
food and be physically active and the ability to prepare healthy food and 
be physically active. 
The predisposing, reinforcing and enabling factors are collectively referred to 
throughout this thesis as psychosocial factors. Constructs refer to the 
individual psychological concept within these predisposing, reinforcing or 
enabling factors, such as self efficacy, intentions or barriers. 
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3.3 INSTRUMENTS 
3.3.1 Instrument Development 
Items to assess constructs of the predisposing, reinforcing and enabling 
factors included in this study were sourced from the literature. Rating scales 
are generally used in self reported assessments of the health behaviour 
theory constructs, with the number and verbal anchor points varying 
depending on the construct being assessed. 
A ‘bank’ of questionnaire items from previously conducted studies was 
created from tools identified in the literature. This ‘bank’ was short-listed to 
more appropriate items using the following criteria: 
1. Does the item measure the construct as defined in this study? 
2. Is there evidence of reliability and validity? 
3. Has the item previously been used in pregnant or post-partum women? 
4. Are there population norms available? 
5. Has the item been widely used? 
For those items that had population norms and wide use within the literature, 
no changes were made to the item if it met all criteria. Minor wording 
changes were made to items that met criteria 1 and 2 to ensure that they 
were relevant to the context and the Australian setting of this study. 
3.3.2 Time 1 
The draft of the T1 questionnaire was reviewed by an expert panel to 
determine content and face validity. A copy of this draft of the T1 
questionnaire can be found in Appendix G. The expert panel included the 
supervisory team, an expert in questionnaire development and research 
methods, an expert in health promotion theory, a maternal health dietitian 
and an experienced clinician working with the study population. The 
questionnaire was piloted with a small, convenient sample of friends and 
family who were pregnant (many of whom were dietitians) to identify items 
that lacked clarity and to ensure that the instructions, content and layout were 
acceptable.279 Pilot testing with a second non-professional sample was then 
conducted under the same conditions as planned for the main sample to 
determine time to complete, practical issues with administration in the clinic 
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setting, and further issues with clarity, instructions and content.279 Changes 
were made based on expert panel feedback and both phases of pilot testing. 
Each version of the questionnaire was reviewed by a professional editor for 
punctuation, spelling and grammatical corrections. Statistical analysis for 
internal consistency was undertaken. Feedback summaries from expert 
panel members, the family and friends’ pilot group and the RBWH pilot group 
on the Time 1 questionnaire are presented in Appendix H. 
The final Time 1 questionnaire is presented in Appendix I and comprised of 
seven sections: 
A ABOUT YOU AND PREGNANCY 
B YOUR HEALTH BEHAVIOURS 
C HOW YOU FEEL ABOUT EATING WELL IN PREGNANCY 
D HOW YOU FEEL ABOUT PHYSICAL ACTIVITY AND PREGNANCY 
E HOW YOU FEEL ABOUT WEIGHT GAIN IN PREGNANCY 
F WHAT YOU THINK ABOUT FEEDING YOUR BABY 
G ABOUT YOU 
3.3.3 Time 2 
The majority of the Time 2 questionnaire was a repeat of items from the 
Time 1 questionnaire, therefore, it was not considered necessary to 
undertake the expert panel examination or pilot testing prior to use. The 
supervisory team were responsible for reviewing the final questionnaire and 
making amendments. 
A copy of the final Time 2 questionnaire is included in Appendix J. It is 
comprised of five sections: 
A  ABOUT YOU AND PREGNANCY 
B YOUR HEALTH BEHAVIOURS 
C FEEDING YOUR BABY 
D INFORMATION DURING YOUR PREGNANCY 
E DESIGNING AND PLANNING OUR SERVICES 
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3.4 MEASURES 
A detailed description and source of specific measures used in the New Beginnings 
study at the varying time points are outlined in Table 3.3. Included in this table is the 
number of items for each scale (single domain measured) and index (discrete items 
not assumed to correlate) and details of computation for analysis of variables. 
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Table 3.3 Description of study measures, source and management for analysis used in the New Beginnings study 
Measure name Description Number of 
items 
Scale size and 
anchors 
Computing and data 
management detail 
Weight status 
Self reported pre-pregnancy 
weight and measured height at 16 
weeks gestation 
(T1) 
Self reported pre-pregnancy weight (shown to have a high correlation with measured 
weight early in pregnancy72) and measured height were used to calculate pre-pregnancy 
BMI. BMI in kg/m2 was categorised according to World Health Organisation (WHO) 
classifications: underweight <18.5; normal weight 18.5-24.99; and overweight >25.00 
(comprising pre-obese 25.00- 29.99 and obese > 30.00).21 For analyses, categories of 
underweight and normal weight were combined and referred to as “healthy weight”. 
Participants who were a healthy weight and overweight (pre-obese and obese 
combined) before pregnancy were compared. This type of categorisation of not 
overweight and overweight is common in body weight related literature.9 ,280 
N/A N/A BMI-continuous in kg/m2 
 
Categorical 
Healthy weight= BMI <25 
kg/m2. 
Overweight = BMI>25 
kg/m2. 
Gestational weight gain 
Measured weight at 36 weeks 
minus self reported pre-
pregnancy weight 
(T1 and T2) 
First trimester weight gain and total GWG were defined as the change from self reported 
pre-pregnancy weight and measure weight at <20 weeks and 36 weeks gestation 
respectively. The measurement occurred at hospital visits with some variability in the 
exact week of gestation. This variability was controlled for in multivariate modelling. 
Excess and inadequate GWG was defined with reference to the upper and lower limit of 
IOM guidelines respectively for each weight category for single (underweight 12.5-18kg, 
healthy weight 11.5-16kg , pre-obese 7-11.5kg , obese 5-9kg6), and multiple-foetus 
pregnancies (17- 25kg for healthy weight, 14-23kg for pre-obese and 11-19kg for obese 
women6). 
N/A N/A N/A 
  
Chapter 3: Methodology 129 
Measure name Description Number of 
items 
Scale size and 
anchors 
Computing and data 
management detail 
Dietary behaviour 
Fat and Fibre Behaviour 
Questionnaire281 
(T1, T2 and T4) 
The assessment of dietary behaviours aimed to ascertain the prevalence of food 
patterns, rather than energy and macronutrient content. There were no suitable 
measures of dietary behaviours specifically designed for pregnant women identified, 
however, non-pregnant measures were not expected to present different results. The 
Fat and Fibre Behaviour Questionnaire (FFBQ) and associated fat and fibre subscales 
were used to describe the overall quality of participants’ diets.282 
The FFBQ is a 20 item questionnaire assessing fat and fibre related behaviours.282 The 
FFBQ total score and fibre subscale was assessed as more responsive to these 
behaviours when compared to the widely used Anti-Cancer Council of Victoria Food 
Frequency Questionnaire (FFQ) with 78 items.283 
The FFBQ was selected due to the limited number of items used and content reflecting 
behaviours of interest. Two additional items were added to the list of foods for frequency 
consumption: 
• Soft drink or cordial, including flavoured mineral water and sports drinks, such as 
lemonade and Gatorade (not counting diet drinks) 
• Savoury biscuits, eg. Shapes, Jatz (not counting crispbreads, such as Ryvita). 
These two items were not included in the total FFBQ or subscales scores but analysed 
separately. The two items relating to number of serves of fruit and vegetables included 
in the FFBQ are those that were included in the National Nutrition Survey and 
recommended for inclusion in population surveys.284 While short dietary questions only 
provide information on limited aspects of food intake and habits and are more likely to 
be useful in describing intake and habits of groups rather than individuals,284 for the 
purposes of this study the FFBQ was considered most appropriate. The FFBQ was likely 
to be less demanding on respondents, and inexpensive to collect and analyse, two key 
advantages of short dietary questions over more comprehensive methods of 
assessment.  
20 items 
(13 fat 
subscale, 7 
fibre 
subscale) 
Frequency of 
consumption  
1=Never 
2=Less than once a 
week 
3=1-2 times per week 
4=3-5 times per week 
5=6 or more days per 
week 
 
Dietary Habits 
0=I don’t eat this 
(modified from original)
1=Never 
2=Rarely 
3=Sometimes 
4=Usually 
5=Always 
Must have at least 80% 
responses for a valid total 
and subscale scores. 
Responses of 0 for dietary 
habits were re-coded to 
align with nutrition value of 
choice. For example, a 
participant who did not eat 
meat would have the 0 
response recoded to 
“always” to indicate they 
would not be consuming the 
fat associated with skin-on 
chicken. 
Mean items in scale and 
subscale. 
Physical activity 
Self report Active Australia 
Survey items285 
(T1, T2 and T4) 
Self reported physical activity was assessed using the Active Australia Survey (AAS)286 
items. The AAS has been widely used in population based surveys to measure physical 
activity.287 It assesses participation in various types of activities and the total time 
engaged in these activities. While the items were originally developed for computer 
assisted telephone interview (CATI) administration, the measurement properties, when 
self administered, have been demonstrated to be similar to the original CATI method.285 
Through a conscious effort to not over-burden participants, the items relating to vigorous 
gardening were not included in the survey due the view that pregnant women would be 
unlikely to spend considerable time in these activities vigorously on a regular basis. 
6 items Number of times 
walked continuously, 
vigorous PA and 
moderate PA (open 
responses) 
 
Hours and minutes 
participated in 
activities (open 
responses) 
Management based AAS 
recommendations.286 
 
Total minutes: continuous 
sum of total minutes. 
 
Total sessions: continuous 
sum of total sessions. 
 
Sufficient minutes= >150 
minutes per week. 
 
Sufficient sessions= > 5 
sessions per week. 
 
Sufficient activity= >150 
minutes per week + > 5 
sessions per week. 
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Measure name Description Number of 
items 
Scale size and 
anchors 
Computing and data 
management detail 
Energy balance 
Self reported change in food 
intake and change in physical 
activity 
(T1) 
As a proxy measure for change in energy intake, change in the amount of food eaten132 
and change in physical activity,90 compared to before pregnancy, was used 
1 food 
1 PA 
5 point 
1=a lot less (food or 
PA) 
2=a little less (food or 
PA) 
3=no change 
4=a little more (food or 
PA) 
5=a lot more (food or 
PA) 
Categorical 
More vs no change or less. 
Importance and change in 
importance 
(T1) 
The perceived importance of eating well and getting regular physical activity was 
assessed. Items asked participants to rate how this perception has changed, since 
becoming pregnant, for both eating well and physical activity. Change in importance was 
constructed based on the initial item of importance288 
2 HE 
2 PA 
5 point 
 
Importance now 
1=not very important 
5=very important 
 
Change in importance 
1=a lot less important 
2=a little less important
3=no change 
4=a little more 
important 
5=a lot more important 
Categorical 
Very important vs all other 
categories. 
 
More important vs no 
change or less. 
Predisposing factors     
Risk perception 
(T1) 
There were no items relating to perceived risk regarding weight and weight gain in 
pregnant women identified in the literature. The items in the final questionnaire were 
constructed based on the recommendations of Schwarzer et al278 who provided expert 
panel feedback on the questionnaire. 
General and self perceived risk for four health consequences associated with pre-
pregnancy overweight were assessed. 
The four health consequences were:  
• developing a medical complication like diabetes or high blood pressure, 
• gaining more weight than recommended, 
• having a baby large for gestational age, and 
• having problems breastfeeding. 
General risk perception stem “In general for a pregnant woman of your age, how likely is 
it that she will ...” 
Self risk perception stem “For you with this pregnancy, how likely do you think it is that 
you will ...” 
 
 
 
 
 
 
 
 
 
4 general 
4 self 
7 point 
1=Very unlikely 
4=Somewhat likely 
7=Very likely 
Continuous 
General and self risk 
perception = mean of items 
in the index. 
Relative risk perception = 
general risk perception 
minus self risk perception. 
Categorical 
Unlikely=1-3 
Likely=4-7 
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Measure name Description Number of 
items 
Scale size and 
anchors 
Computing and data 
management detail 
 Risk perception pre-pregnancy weight. 
Risk perception excess GWG. 
 
For each weight condition, one item relating to health problems for mother and one item 
relating to health problems for baby were assessed. 
2 items 
2 items 
7 point 
1=Not likely to cause 
problems 
4=May cause some 
problems 
7=Likely to cause 
serious problems 
Continuous = mean of items 
in index 
 
Categorical 
Unlikely=1-3 
Likely=4-7 
Healthy eating knowledge 
(T1) 
A validated nutrition knowledge questionnaire289 was used as a basis. One item, “what a 
pregnant woman eats during pregnancy has no effect on her health and the health of 
her unborn baby” was considered to be a double barrelled question and was therefore 
split into two separate items. Knowledge of recommendations for fruit and vegetable 
intake was assessed using two open-ended items previously used in research with 
pregnant women.290 Participants were asked “how many serves of fruit or vegetables 
should a pregnant woman eat for good health”, with an open response or an option of 
“don’t know” available. Definitions of one serve of fruit and one serve of vegetables were 
provided for clarification with each item. 
5 items True/ False/Unsure Sum of total items correct in 
index. 
Physical activity knowledge 
(T1) 
One item was constructed to assess knowledge of recommendations for physical activity 
in pregnancy of at least 30 minutes, of moderate intensity, physical activity on most, 
preferably all days of the week.291 The item to assess this recommendation asked 
participants “As best you know what the recommended amount of physical activity is for 
a healthy pregnant woman” four response categories were provided. Two additional 
items were constructed based on the literature. 
3 items 4 multiple choice 
responses + 
True/False/Unsure 
Sum of total items correct in 
index. 
Weight gain knowledge 
(T1) 
Knowledge of recommendations was assessed by one item with the option of an open 
response or selecting “Unsure”. The item responses were categorised as incorrect 
/unsure or correct by comparing the weight gain value against the relevant IOM 
guidelines for their pre-pregnancy BMI. Closed questions were constructed from 
information identified in the literature considered to be pertinent to the study objectives. 
5 items 1 item open ended + 
Unsure 
4 items 
True/False/Unsure 
Sum of total items in scale. 
Intentions 
(T1) 
Behavioural intentions were assessed based on the recommendations of Schwarzer et 
al.278 Examples of suitable intentions used in previous research were reviewed.292 
Initially a list of specific intentions taken from a survey developed using the TPB and 
specifically administered in pregnancy176 ,293 were included in the questionnaire. 
However, in order to rationalise the number of items on the final questionnaire, a 
number of the initial items were combined. Two items related directly to weight gain, 
three to eating behaviours and two to physical activity. 
3 HE 
2 PA 
2 GWG 
7 point scale 
1=Strongly disagree 
7=Strongly agree 
Mean items in index. 
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Measure name Description Number of 
items 
Scale size and 
anchors 
Computing and data 
management detail 
Healthy eating self efficacy 
(T1) 
There were no specific healthy eating self efficacy scales for pregnant women. It has 
been suggested that self efficacy can vary across activities and life circumstances,294 
with behaviour specific self efficacy measures being stronger predictors of behaviour 
than general measures.295 An investigator-developed instrument that matched self 
efficacy beliefs to behaviour has been found to be more powerful at predicting health 
behaviours than more general instruments.294 Two previously validated scales were 
used as a basis for the items included in the final questionnaire.296 ,297 The scale by 
Sallis et al296 developed for healthy eating behaviours contained 61 items. The Ling et 
al297 scale focussed specifically on fruit and vegetable intake and was validated by a 
population in Singapore. Neither scale in its entirety was considered appropriate due to 
the large number of items296 and the narrow scope.297 The selection of the final eight 
items included for task self efficacy was made through expert panel feedback. 
Coping self efficacy was assessed using a constructed scale of seven items based on 
the recommendations of Schwarzer (2003).278 The content for the items were guided by 
the examples provided from Renner and Schwarzer.292 
15 (8 task and 
7 coping 
items) 
5 point scale 
1=Not at all confident 
5=Very confident 
Mean items in scale. 
Task and coping self 
efficacy measures 
combined for final scale. 
Physical activity self efficacy 
(T1) 
Task self efficacy was assessed using a self efficacy for physical activity scale 
developed by Marcus et al.298 ,299 Additional items designed for women with children 
were sourced from Miller et al.300 The construction of the scale to assess coping self 
efficacy for physical activity followed the same process as the construction of the coping 
self efficacy scale for healthy eating using the recommendations and examples from 
Renner and Schwarzer.292 
15 (8 task and 
7 coping) 
5 point scale 
1=Not at all confident 
5=Very confident 
Mean items in scale. 
Task and coping self 
efficacy measures 
combined for final scale. 
Weight locus of control 
(T1) 
Weight locus of control was measured using a scale originally developed by Saltzer 
(1982)301 and modified by Kendall et al (2001).302 The original scale was developed as a 
specific measure of expectations for locus of control with respect to personal weight 
development.301 There are two subscales within the WLOC scale, an internal locus of 
control and an external locus of control, each with two items. Kendall et al (2001) 
reported a combined Cronbach’s alpha of 0.73 for the WLOC scale using a five point 
Likert scale302 in a pregnant population.  
4 items 5 point scale 
1=Strongly disagree 
5=Strongly agree 
Mean items in scale. 
External items reverse 
scored. 
Healthy eating outcome 
expectations 
(T1) 
The content for the positive outcome expectations for healthy eating used in the final 
questionnaire were drawn from the literature.303 However, limited negative outcome 
expectations associated with healthy eating in pregnancy were identified and considered 
appropriate. Expert panel members suggested suitable negative outcome expectations 
of ‘I will be hungry’ and ‘I will be irritable and cranky’ based on the opposite statements 
from identified positive outcome expectations. Various response scales were identified 
in the literature to assess outcome expectations from four to seven point scales.292 ,303 ,304 
A four point scale was used to force participants to make a positive or negative choice, 
rather than remain neutral to expectations. 
2 positive 
2 negative 
4 point scale 
1=Strongly disagree 
2=Somewhat disagree 
3=Somewhat agree 
4=Strongly agree 
Mean items in scale. 
Separate scale for negative 
and positive outcome 
expectations. 
Physical activity outcome 
expectations 
(T1) 
The physical activity outcome expectations scale developed by Chang et al304 was used 
for the basis of positive outcome expectations for physical activity items. Negative 
outcome expectations were constructed from the themes identified in the qualitative 
research conducted by Evenson et al(2009).305 
2 positive 
2 negative 
4 point scale 
1=Strongly disagree 
2=Somewhat disagree 
3=Somewhat agree 
4=Strongly agree 
Mean items in scale. 
Separate scale for negative 
and positive outcome 
expectations. 
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Measure name Description Number of 
items 
Scale size and 
anchors 
Computing and data 
management detail 
Weight gain outcome 
expectations 
(T1) 
The constructed items were based on themes identified in three questionnaires 
developed for pregnant women.302 ,303 ,306 The questions stem “If you control your weight 
gain in your pregnancy, what do you think will happen? If I control the amount of weight I 
gain during my pregnancy ...” was followed by seven items (four positive and three 
negative) rated on a four point scale. 
4 positive 
3 negative 
4 point scale 
1=Strongly disagree 
2=Somewhat disagree 
3=Somewhat agree 
4=Strongly agree 
Mean items in scale. 
Separate scale for negative 
and positive outcome 
expectations. 
Reinforcing factors     
Social support 
(T1) 
Healthy eating  and physical activity items were based on the items developed by Chang 
et al304.and Sallis et al.307 The items from Chang et al were originally based on a four 
point scale with the anchors of ‘never’, ‘rarely’, ‘usually’ and ‘always’, whereas the Sallis 
et al scale used a five point scale with the anchors of ‘none’ to ‘very often’. The initial 
pilot for the baseline questionnaire used the Chang four point scale, however, in the final 
questionnaire, this scale was modified to accommodate pilot feedback. Pilot participants 
found that there was a gap between ‘rarely’ and ‘usually’ and, therefore, a five point 
scale was used with a midpoint of ‘sometimes’ to provide the participants with a full 
range of options. The term ‘fat foods’ was replaced with ‘healthy foods’. Additionally, the 
terms ‘encourage’ and ‘remind’ were considered to be very similar for positive social 
support, thus the latter of these items was changed to “prepare healthy foods for me”. 
The item “criticise me for eating healthy low fat foods” was changed to “eat different 
meals from me” to add a dimension with the potential to indicate a lack of support for 
healthy eating within the home. Expert feedback recommended this change to reduce 
overlap and repetition with health professional support. The theme of this additional item 
was present in the previously discussed TPB questionnaire, which was developed 
specifically for pregnant women.293 
The social support for physical activity used common themes from both previously 
developed scales. 
There were no social support scales for weight control in pregnancy identified in the 
literature. Two items reflecting positive support ‘encourage’ and ‘praise’ for efforts to 
gain the right amount of weight, and two items reflecting negative support ‘criticism’, for 
appearance, and ‘encouragement’, for unrestrained weight gain, were constructed. 
5 HE 
5 PA 
4 GWG 
5 point scale 
1=Never 
2=Rarely 
3=Sometimes 
4=Usually 
5=Always 
Mean items in scale. 
Negative items reverse 
scored. 
Health professional support 
(T1 and T2) 
There were no items identified that could be used to measure health professional 
support for healthy eating, physical activity or weight gain in pregnancy. Items were 
constructed  based on the tools developed by Chang et al304 and Sallis et al307 for 
assessing social support. Two themes from the Chang et al304 and Sallis et al307 
research for social support of ‘encourage’ and ‘criticise’ were retained in the health 
professional scale. The additional three items were used to describe the level of specific 
support and advice offered relating to each area.  
5 HE 
5 PA 
4 GWG 
5 point scale 
1=Never 
2=Rarely 
3=Sometimes 
4=Usually 
5=Always 
Categorical 
Never/Rarely vs 
Sometimes/Usually/Always. 
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Measure name Description Number of 
items 
Scale size and 
anchors 
Computing and data 
management detail 
Enabling factors     
Barriers to healthy eating 
(T1) 
The dimensions of barriers to healthy eating were taken from within the literature. 
Common themes across all questionnaires reviewed were cost, convenience and 
information.303 ,308-311 There was no consistency between rating scales for the items 
identified, ranging from a three point scale of ‘no’, ‘sometimes’, ‘yes’310 to a five308 ,309or 
seven point303 scale with the anchors of ‘strongly disagree’ to ‘strongly agree’. The items 
relating to cost (1 item), convenience (1 item), taste (1 item) and information (2 items) 
were sourced directly from existing surveys303 ,309 with minor modification for wording 
consistency. 
5 items 5 point scale 
1=Strongly disagree 
5=Strongly agree 
Mean items in scale 
Barriers to physical activity 
(T1) 
There were no scales for barriers for physical activity specifically for pregnant women 
identified within the literature. A qualitative paper by Evenson et al305 was used to 
construct seven barriers to physical activity items. The paper identified several barriers 
to physical activity reported by pregnant women. Items were constructed to ensure 
limited repetition with topics previously assessed in the questionnaire in outcome 
expectations, self efficacy scales and social support. The question retained the same 
structure as the barriers for healthy eating.  
6 items 5 point scale 
1=Strongly disagree 
5=Strongly agree 
Mean items in scale 
Covariates     
Smoking status 
(T1) 
Smoking status was assessed using the recommendations of Melvin et al 2000.312 The 
three items allow each participants to be categorised as a “smoker” or “non-smoker”. 
The first item “Which statement best describes you now?” allowing one of six response 
categories is designed to minimise non disclosure of smoking status.312 A participant 
must select one of the responses: ‘I have NEVER smoked more than 100 cigarettes in 
my life’, ‘I stopped smoking BEFORE I found out I was pregnant and I am not smoking 
now’, or ‘I stopped smoking AFTER I found out I was pregnant and I not smoking now’, 
and answer no to the second item “have you had a cigarette, even a puff within the last 
30 days” to be considered a “non- smoker”.312 The third items relates to number of 
cigarettes smoked for those smokers. 
3 items N/A N/A 
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Measure name Description Number of 
items 
Scale size and 
anchors 
Computing and data 
management detail 
Demographic characteristics 
(T1) 
(Selected characteristics relating 
to employment assessed at T2 
and T4) 
Demographic questionnaire items were sourced from key Australian survey tools, 
particularly the Maternal Health Study (a longitudinal study designed to fill in some of the 
gaps in current research evidence regarding women's physical and psychological health 
and recovery after childbirth).313 Date of birth was asked to ascertain the participants 
age. Marital status response categories were collapsed to provide 4 options, Married, 
Living with a partner/de facto, Single, Not living with a partner, Single living with my 
family. The final category was added to account for those single participants that may 
have additional support available to them. For the analyses these were collapsed into 
partnered (married/de facto) vs other. Employment status categories were collapsed to 
provide three response options which would be used for analysis, In full-time, paid work, 
In part time or casual paid work, Not in paid employment. Highest level of education 
used seven response categories. Average total household income was assessed using 
standard response categories313 ,314 in both weekly and yearly totals for ease of 
participant response. Health Care card holders, country of birth, language spoken at 
home, Aboriginal or Torres Strait Islander origin and number of children living in the 
household was also included in demographic items. 
 N/A Age- continuous 
 
Marital status- categorical 
Married/de facto vs other 
 
Employment - categorical 
Full time vs other 
 
Education - categorical 
University vs < University 
 
Income - categorical 
Low vs Middle vs High 
based on distribution 
 
Birth country - categorical 
Australia vs Other 
Pregnancy symptoms 
(T1) 
Pregnancy-related symptom items were sourced from the Maternal Health Study313 to be 
used as covariates in the analysis where appropriate. Experience of extreme tiredness 
or exhaustion, severe headaches or migraines, back pain, constipation, leaking urine, 
morning sickness and feeling depressed were rated. These concerns were also 
assessed in the context of being barriers to healthy eating and physical activity. 
7 items 4 point scale Categorical 
Often vs Not at 
all/Rarely/Occasionally 
Gestational age 
(T1-T4) 
Gestational age at completing questionnaires and weight measurements was calculated 
from self report estimated due date at baseline. This date was cross-checked with 
information stored on hospital booking records. Where a discrepancy was identified, a 
participant’s medical record was used to confirm the estimated due date. Gestational 
age was reported in completed weeks 
N/A N/A Continuous in weeks 
Parity 
(T1) 
Participants reported how many times they had delivered a live baby to determine parity.   Categorical 
Nulliparous (no live 
deliveries) 
Primiparous (one live 
delivery) 
Multiparous (more than one 
live delivery) 
Pregnancy complications 
(T2- GDM only, T3) 
Pregnancy complications of gestational diabetes mellitus (GDM), and advice to restrict 
physical activity, were collected via self report from study participants at Time 2. 
Oedema as a complication of pregnancy was gathered from routine data sources at 
delivery. Those participants who developed GDM were provided with intensive dietary 
intervention as part of routine care which was accounted for. 
  Categorical for each 
measure 
BMI=body mass index; PA=physical activity, HE=healthy eating, GWG=gestational weight gain, GDM=gestational diabetes mellitus. 
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3.5 PARTICIPANT RETENTION STRATEGY 
It has previously been demonstrated that participants in a pregnancy cohort 
study were motivated by an interest in science and learning about their 
pregnancy.315 Once recruited, retention of participants is essential for study 
objectives to be achieved. Initial interest in contributing to science may not be 
adequate for continued participation as pregnancy progresses, with time 
pressures for the impending delivery. Failing to retain participants threatens 
the external validity and interpretation of study results.316 Women completing 
baseline and 36 week data collection were placed in the draw to win one of 
four $50 Coles Myer gift cards as an incentive and thank you for participation. 
A teabag was sent with the final questionnaire as a small gesture of 
appreciation for participants’ time. Those completing and returning the post-
partum questionnaire were provided with a body moisturiser sample. 
3.6 DATA MANAGEMENT AND ANALYSIS 
3.6.1 Data Management 
A Microsoft Access 97 database was used for the administration of data 
collected to study participants. Participants’ details were recorded and used 
for mail merge procedures to generate appropriate cover letters for each 
correspondence. Individual participant appointments were tracked, timing for 
data collection and dates of when questionnaires were sent, returned and 
reminder letters were distributed were recorded. The Access database was 
password protected, as it contained identifying information. 
A Statistical Package for Social Sciences (SPSS) (version 18) for Windows 
file was used to enter and store data collected from self administered 
questionnaires, and measured weight and height. Hard copies of all 
questionnaires were stored in a locked filing cabinet at the Royal Brisbane 
and Women’s Hospital. 
3.6.2 Data Quality 
To ensure consistency of coding Data Entry Coding Diaries were developed 
separately for Time 1 and Time 2 questionnaires, with data query documents 
maintained to record discrepancies in questionnaire responses (available 
  
Chapter 3: Methodology 137 
upon request). These diaries recorded, in detail, the coding decisions made 
for each questionnaire, including the range of possible values, handling of 
missing values or for when more than one response was circled. The PhD 
candidate sought statistical advice for data discrepancies and these were 
recorded in the diary where appropriate. All questionnaires were entered by 
researchers trained in the database and Data Entry Coding Diaries. Due to 
the number of questionnaires, double entry verification by two independent 
operators was not possible in this study. However, those entering data had 
knowledge of the topic, and consistency across questions and valid values 
were able to be checked using SPSS. Therefore, a 10% random sample of 
questionnaires were verified by the PhD candidate through double data entry. 
This process identified 75 errors in 12,600 fields, an error rate of 0.5%. The 
majority of these errors were double key strikes which would have been 
identified through data cleaning processes. Once double data entry 
verification was completed, a visual inspection of the complete database was 
made to identify double key strikes. Frequency distributions were constructed 
to check for outliers with ratifications made with the original questionnaire 
where necessary. 
3.6.3 Analysis 
All data were entered into the SPSS (version 18, SPSS Inc., Chicago, IL. 
USA) for analysis. A separate master database was created for each time 
point. A clean copy of each SPSS database was made for the analyses, with 
variables added to combine data from separate time points, to ensure that 
the master database remained clear of recoding and computing variables. 
3.6.3.1 Reliability testing of scales and indexes 
Each computed construct scale was analysed for reliability. For those scales 
where a single domain was being measured, a Cronbach’s alpha with a value 
of 0.7 for each scale was considered acceptable317 ,318 provided that the 
mean inter-item correlation was 0.2 or above.318 As an alpha coefficient is a 
product of the number of items in a scale,318 those construct scales with a 
small number of items (<6) were not expected to produce high internal 
consistency. Modest alpha coefficients of 0.5 to 0.69 were acceptable for 
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these scales, provided that individual and mean inter-item correlations were 
greater than 0.2.318 There were a number of construct indices, where 
reliability testing using Cronbach’s alpha was considered inappropriate, as 
the items were discrete and not assumed to correlate.319 
3.6.4 Statistical Methods 
All continuous variables were examined for normality, using descriptive 
statistics and histograms. 
Normality was established if the following criteria were met: 
• mean within 10% of median, 
• minimum and maximum are approximately mean+/- 3 standard 
deviations, 
• skewness and kurtosis both within +/- 3, and 
• roughly symmetrical histogram. 
Means and standard deviations were reported for normally distributed data. 
Median and interquartile range were reported for skewed data. The criterion 
for statistical significance was set at the conventional level of p<0.05 (two 
tailed) for all analyses. 
All available data were used in analysis. Where there was missing data for 
prospective analysis participants were excluded case wise if they had either 
time point missing. No data were imputed.  
3.6.4.1 Bivariate analyses 
Independent, two sample t-tests or Mann-Whitney U tests were used to 
assess the differences between healthy and overweight groups on 
continuous variables, depending on distribution. Pearson’s or Spearman’s 
correlation coefficient was used to examine the relationships between 
continuous variables, depending on the distribution. Categorical variables 
were assessed using the Pearson’s chi squared test. 
3.6.4.2 Multivariate analyses 
To examine predictors of dietary and physical activity behaviours, 
hierarchical, multiple linear regression of cross sectional data from around 16 
weeks gestation was used. The model was stratified for pre-pregnancy 
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weight status of healthy and overweight, and fitted for potential confounders 
of age, smoking status, country of birth, parity and education (entered at Step 
1). Those predisposing, reinforcing and enabling variables associated at a 
bivariate level (p<.1) were entered into the model, with predisposing 
variables entered in Step 2 and reinforcing and enabling variables entered in 
Step 3. As minutes of physical activity was not normally distributed, linear 
regression was completed for both the log transformation of the variable and 
the non-transformed (skewed) variable. There were no differences in the 
significant predictors and little difference in the variance accounted for by the 
alternate models. Therefore, the results are presented for the original 
variable to allow for ease of interpretation. 
Binary logistic regression assessed change in the amount of food, change in 
the amount of physical activity, and the gestational weight gain category. 
Potential confounders were added in Step 1, with variables associated in 
bivariate analysis (p<0.1) entered in subsequent steps, using the order 
outlined for linear regression models. Maternal perception of the change in 
the amount of food consumed and physical activity since becoming pregnant 
was based on cross sectional data from around 16 weeks gestation whereas 
the gestational weight gain category was assessed using prospective data.  
In Chapter 7, for the outcome of ‘not excess’ vs ‘excess GWG’, demographic 
and energy balance variables (change in amount of food and change in 
amount of physical activity) were entered into the model in Step 1. Individual 
behaviour predisposing, reinforcing and enabling constructs that were 
significantly correlated with an r value of >0.2 were combined in a composite 
score for each construct. Total intentions, self efficacy, positive outcome 
expectations, negative outcome expectations, social support and barrier 
scores were created by adding the scores of healthy eating, physical activity 
and weight gain scales for each respective construct that correlated. Weight 
locus of control (WLOC) and perceived risk for GWG were kept separate, as 
these did not meet the criteria for combination. Self risk perception was 
combined with perceived risk for pre-pregnancy weight. Each composite 
construct was entered separately into models to determine their contributions 
to excess GWG separately. All analyses were stratified for pre-pregnancy 
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weight status of healthy and overweight. Assumptions of all tests were 
checked, including the influence of outliers. 
3.7 ETHICS AND HEALTH AND SAFETY 
3.7.1 Ethics Considerations 
Conduct of this research was approved by the RBWH (HREC/10/QRBW/139) 
and QUT (1000000558) Human Research Ethics Committee through a full 
National Ethics Application Form. Ethical protocol amendments were made 
as required to ensure that research conduct, which was not initially 
anticipated, had been examined and approved. 
3.7.2 Health and Safety 
A QUT Faculty of Health Risk Assessment Form was completed prior to the 
commencement of this research. 
Participant contact was made within the usual policies and procedures of the 
RBWH, including those relating to occupational health and safety. As a 
Queensland Health employee, the candidate’s conduct was within the 
Queensland Health Code of Conduct and National Privacy Principles, as 
outlined in the Information Privacy Act 2009. Further, the Dietitians 
Association of Australia Statement of Ethical Practice and Code of 
Professional Conduct (2006) was abided by. Research and professional 
practice are conducted within these frameworks as an Accredited Practicing 
Dietitian. 
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Chapter 4: Recruitment, Participation and 
Characteristics 
4.1 CHAPTER OVERVIEW 
This chapter provides details of the recruitment outcomes, the flow of 
participants through the study time points in this thesis and the 
characteristics of those recruited. The baseline characteristics of the sample 
are described jointly and also by weight status group. Characteristics of study 
participants are compared using routine data sources with a sample of 
women delivering at the RBWH and in Queensland public facilities over the 
recruitment period to determine the representativeness of the sample. 
4.2 RECRUITMENT AND PARTICIPANT FLOW 
4.2.1 Outcomes of Recruitment 
Recruitment commenced in August 2010 and continued until January 2011. 
Figure 4.1 outlines the recruitment outcomes from both face to face and mail-
out methods. 
In total, 715 (from 1,059) candidates consented to participate over the six 
month period, representing a 67% consent rate. Fifteen women subsequently 
withdrew, 51 provided no baseline information other than a signed consent 
form, 664 provided baseline anthropometric data, 585 completed baseline 
questionnaires and 581 provided both sources of baseline data. The overall 
response rate for those providing some useable data at baseline was 63% 
(664/1,059). Ninety-five percent of women recruited via mail returned a 
completed baseline questionnaire compared to 72% of women recruited face 
to face at the clinic. 
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Figure 4.1 Progression of participants through the New Beginnings study time 
points from recruitment through to 36 week follow up 
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4.2.2 Flow of Study Participants 
Figure 4.1 demonstrates the flow of participants across the two study time 
points analysed in this thesis. Participants were considered to remain in the 
study unless they actively withdrew or became ineligible through a 
miscarriage or early delivery, or did not have a 36 week appointment booked 
at the hospital. Therefore, non-response at baseline did not preclude a 
participant being sent a 36 week questionnaire. Seventy-nine percent of 
participants were retained at 36 weeks (543/715) and provided usable data. 
Complete data was available for 581 (from 715) participants at baseline 
(81%) and 462 participants (from 715) at 36 weeks (65%). Those with 
available data for each variable were analysed for descriptive measures. 
Complete data was used for prediction of outcomes. There was no significant 
difference for key baseline demographic and anthropometric characteristics 
between those participants who provided useable data at follow up and those 
who did not. 
4.3 BASELINE PARTICIPANT CHARACTERISTICS 
4.3.1 Demographic Characteristics 
The mean gestation at recruitment was 16 + 2 weeks with 60% first time 
mothers. On average, participants were 29 + 5 years. This is similar to the 
RBWH average of 29 + 6 years and Queensland public hospitals delivery 
average of 28 + 6 years (see Table 4.1). 
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Table 4.1 Demographic characteristics of the New Beginnings Healthy Mothers and 
Babies Study sample, women delivering at the RBWH and Queensland 
public hospitals [percentage (count) or percentage] 
   New Beginnings sample
[n=585] 
RBWHa 
[n=2,020]
Qld public hospitalsa 
[n=20,610] Characteristic Categories 
Mother's age Under 20 2 (12) 4 7 
Categories 20-24 14 (81) 16 22 
  25-29 31(182) 30 31 
  30-34 33 (195) 28 24 
  35-39 15 (88) 19 13 
  40+ 4 (24) 4 3 
Marital status Married/de facto 94 (548) 78 82 
Mother's country of birth Australia 70 (404) 62 75 
Mother's indigenous status 
Indigenous 1 (4) 3 8 
Parity Nulliparous 60 (351) 49 39 
  Primiparous 26 (151) 30 30 
  Multiparous 14 (79) 21 31 
aSource: Health Statistics Centre, Queensland Health, Perinatal data items for women delivering between 
September 2010 and February 2011; RBWH=Royal Brisbane and Women’s Hospital. 
 
Table 4.2 compares the differences between healthy weight and overweight 
participants in the study. There were more women in the healthy weight 
group with a university education, born outside of Australia and who spoke a 
language other than English at home. In addition to these statistically 
significant differences, there was a trend for more overweight than healthy 
weight women to have had at least one previous live delivery and be 
classified as low income. Fewer overweight participants were in the high 
income group. 
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Table 4.2 Characteristics of New Beginnings study sample, and comparison 
between healthy and overweight participants’ reported at about 16 weeks 
gestation [Mean + s.d. and (range) or percentage (count)] 
Characteristic  New Beginnings  
sample [n=582] 
Healthy weight*a
[n=386] 
Overweight+a 
[n=196] 
Differenceb
Age in yearsc Mean + s.d. 
(range) 
30 + 5 
(17-45) [n=578] 
30 + 5 
(17-45) [n=384] 
30 + 5 
(18-42) [n=194] 
p=0.809 
Parityd Nulliparous 60 (351) 63 (243) 55 (108) p=0.052 
Educationd University 
education 
45 (260) 50 (191) 36 (69) p=0.002e
Income Low income 
$50,000 or less 
23 (110) [n=499] 20 (66) [n=247] 26 (44) [n=147] p=0.089 
Middle income 
$50,001 to 
100,000 
50 (249) 48 (158) 52 (89) 
High income 
>$100,000 
28 (143) 31 (103) 23 (39) 
Birth countryd Australia 70 (404) 65 (251) 79 (153) p=0.001f
Language other 
than English at 
home 
Yes 14 (80) 17 (65) 8 (15) p=0.003g
Smoking in 
pregnancyc 
Yes 8 (45) [n=578] 6 (24) [n=385] 11 (21) [n=193] p=0.069 
*Healthy weight, body mass index <25kg/m2; +Overweight, body mass index >25kg/m2; ameasured height and self 
reported pre-pregnancy weight; bBased on sample n=582 unless otherwise specified; ctest for significance t-tests; 
dtest for significance chi squared; ex2=10.461, df, 1; fx2=11.166, df, 1; gx2=9.138, df, 1. 
4.3.2 Anthropometric Characteristics 
Table 4.3 provides anthropometric characteristics of the New Beginnings 
study sample, with characteristics of mothers delivering between September 
2010 and February 2011 at the RBWH and Queensland public hospitals. 
Prior to August 2011, pre-pregnancy weight was not recorded on the 
Pregnancy Health Records (PHR), the source for the Perinatal Data 
Collection (PDC) information. Despite PDC requesting weight at about the 
time of conception, weight was being recorded at first hospital visit only. Both 
pre-pregnancy and booking in data are included in Table 4.3 for the New 
Beginnings sample. Women delivering between September 2010 and 
February 2011 would have had first hospital weight as the indicator of weight 
at about the time of conception. Using first visit weight and BMI, there is little 
difference between the New Beginnings sample mean, the hospital and state 
mean weight, and BMI. 
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Table 4.3 Anthropometric characteristics of women delivering at the RBWH* and 
Queensland public hospitals* and the New Beginnings study sample 
[Mean + s.d] 
  
New Beginnings sample
[n=664] 
RBWH 
[n=2,020] 
Qld public hospitals 
[n=20,610] 
Mother's 
characteristics 
Height (cm) 165 + 7 165 + 7 165 + 7 
Pre-pregnancy weight 
(kg)a 67 + 16 - - 
First visit weight (kg) 71 + 15 70 + 18 71 + 18 
Pre-pregnancy BMIb 
(kg/m2) 24 + 5 - - 
First visit BMI (kg/m2) 26 + 5 26 + 6 26 + 6 
*Source: Health Statistics Centre, Queensland Health, perinatal data items for women delivery between September 
2010 and February 2011; aself report pre-pregnancy weight; bBMI=body mass index using self report pre-pregnancy 
weight; RBWH=Royal Brisbane and Women’s Hospital. 
 
The overall prevalence of pre-pregnancy overweight (BMI > 25kg/m2) was 
33% in the New Beginnings study sample. Table 4.4 provides details of 
participants at first visit and based on pre-pregnancy BMI in each weight 
status category, compared to the RBWH and Queensland public hospital 
data. Using measured weight at first visit, there were more pre-obese women 
and fewer obese women in the New Beginnings sample, compared to both 
RBWH and Queensland data. When these categories were combined, there 
was a similar prevalence of women classified as overweight across the three 
samples. 
Table 4.4 Body mass index classification for the New Beginnings Healthy Mothers 
and Babies Study sample at first visit and pre-pregnancy and women 
delivering at the RBWH*, Queensland public hospitals* [percentage 
(count) or percentage] 
  New Beginnings 
sample pre-
pregnancyb 
[n=664] 
New Beginnings 
study sample first 
visitc 
[n=681] 
RBWH first visitd 
[n=2,020] 
Qld public 
hospitals first 
visitd 
[n=20,610] BMIa categories (kg/m2) 
Underweight (<18.5) 6 (39) 1 (8) 3 (69) 5 (94) 
Healthy weight (18.5-
24.9) 61 (403) 52 (351) 45 (918) 41 (8,516) 
Pre-obese (25-29.9) 21 (141) 31 (214) 26 (522) 27 (5,562) 
Obese (30+) 12 (81) 16 (108) 20 (402) 24 (4,907) 
Not specified   5 (109) 3 (594) 
*Source: Health Statistics Centre, Queensland Health, perinatal data items for women delivery between September 
2010 and February 2011, abody mass index; bmeasured height and self report weight; cmeasured weight and height; 
dmeasured height and either measured or self reported weight, practice varies between health care staff; 
RBWH=Royal Brisbane and Women’s Hospital. 
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4.4 DISCUSSION OF PARTICIPANT RECRUITMENT AND BASELINE 
CHARACTERISTICS 
The recruitment of the 715 study participants occurred over a 6 month period. 
While the initial sample size target of 736 was not achieved, recruitment 
ceased to avoid substantial overlap between initial recruitment and the follow 
up at 36 weeks gestation. Privacy and ethical restrictions prevented the 
gathering of information about those women who declined participation. 
However, based on a sample of women delivering at the RBWH and in state-
wide public hospitals, the study sample had a higher proportion of first time 
mothers and, therefore, fewer women who already had children at home. In 
addition, the study sample had fewer mothers under 25 years of age, a lower 
representation of indigenous women and more women married or in de facto 
relationships, compared to the hospital and state prevalence statistics. These 
differences in characteristics were considered in the interpretation and 
application of the results from the New Beginnings study. 
The baseline characteristics of study participants examined according to 
weight status indicate that the overweight women were of a lower 
socioeconomic standing than those with a healthy weight at baseline. 
Overweight women were less likely to have university education with more 
falling into lower income groups, compared to healthy weight participants. 
This pattern is consistent with the sociodemographic differentials by weight 
status for women in developed countries.320 A review of 333 studies 
examining associations between SES and obesity found that increasing 
levels of overweight were observed in women with lower education, income, 
occupational prestige and neighbourhood deprivation measures.320 
Healthy weight women in the New Beginnings sample had greater cultural 
diversity than those participants who were overweight, with more speaking a 
language other than English at home, and who were born outside of 
Australia. 
As there were no RBWH or Queensland pre-pregnancy BMI data available, 
the first hospital weight was used to compare anthropometric characteristics 
for the study sample. At first hospital visit at about 16 weeks, 47% of the New 
Beginnings sample was in the unhealthy weight range, compared to 46% of 
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the RBWH population and 51% of the Queensland public hospitals delivery 
population. It appears that the New Beginnings sample is broadly 
representative of the RBWH population with respect to weight status, with a 
similar proportion of women classified as overweight using first visit weight 
status. 
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Chapter 5: Maternal Nutrition and Physical 
Activity Domain 
5.1 OVERVIEW 
This chapter reports on the nutrition and physical activity behaviours of study 
participants at baseline. The specific research questions addressed are: 
1. How important is healthy eating and physical activity to women during 
pregnancy and has this changed since becoming pregnant? 
2. What is women’s knowledge relating to nutrition and physical activity in 
pregnancy? 
3. Do the health behaviours of healthy eating and physical activity differ 
according to maternal pre-pregnancy weight status? 
4. Is the perceived change in the amount of food or physical activity 
different according to maternal pre-pregnancy weight status? 
5. What advice and support relating to healthy eating and physical activity 
do women report receiving from health professionals? 
Measures are defined in section 3.4, page 127. These parameters are 
examined to identify opportunities for change in both behaviours and practice 
in the early pregnancy period. The implications directly associated with these 
results will be included in the discussion. 
5.2 RESULTS 
5.2.1 What Women Think: Importance of Behaviours 
Seventy percent of participants reported that it was ‘very important’ at this 
time in pregnancy to eat well, with a trend for overweight women to report 
this less frequently than healthy weight women (64% vs 72%; χ2=3.432, df 1, 
p=0.064). Thirty-eight percent of participants rated regular physical activity as 
‘very important’ at this time, with no difference by weight status group (39% 
healthy weight vs 36% overweight, x2=0.542, df 1, p=0.462). 
Figure 5.1 outlines the distribution of responses for women’s perceived 
change in the importance of eating well and regular physical activity since 
becoming pregnant for healthy and overweight women. Eating well had 
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become ‘more important’ for 84% of participants, with no difference between 
healthy and overweight women. Regular physical activity had ‘not changed’ 
or become ‘a little/lot less important’ for 58% of participants, with more 
healthy weight women more likely to report this (61% vs 51%, x2=5.77, df 1, 
p=0.016). Conversely, overweight women were more likely than healthy 
weight women to report that regular physical activity had become ‘a little/lot 
more important’ (49% vs 39%). 
 
*
healthy weight, pre-pregnancy body mass index <25kg/m2; **overweight, pre-pregnancy body mass index 
>25kg/m2; measured height and self-reported pre-pregnancy weight. 
Figure 5.1 Reported change in the importance of (a) eating well and (b) physical 
activity since becoming pregnant for healthy* (n=382) and overweight** 
(n=193) women 
5.2.2 What Women Know 
The mean overall nutrition knowledge score was 3.3 + 0.7 (range 0-5) and 
the pregnancy specific nutrition score was 2.9 + 0.4 (range 0-3). Four percent 
of study participants achieved the maximum nutrition knowledge score of 
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five, while 92% of participants achieved the maximum pregnancy specific 
nutrition knowledge score of three. Eight percent and 36% participants 
respectively could correctly report the number of fruit and vegetable serves 
recommended daily during pregnancy. There were no differences between 
healthy and overweight women for any total knowledge score, however, the 
distribution of pregnancy specific nutrition knowledge was significantly lower 
in overweight compared to healthy weight women (Ustatistic=35,097.00, 
p=0.013). 
The majority of participants (68%) achieved the maximum physical activity 
knowledge score of two. Ninety-nine percent (n=576) of participants correctly 
identified that there is a need for a pregnant woman to be physically active in 
pregnancy, regardless of a healthy diet. Sixty-nine percent (n=378) correctly 
identified 30 minutes a day as the recommended amount of physical activity 
for a pregnant woman. 
5.2.3 What Women are Doing 
5.2.3.1 Dietary behaviour 
The distribution of responses for change in the amount of food eaten since 
pregnancy is outlined in Figure 5.2. When responses were dichotomised, 
overweight women were more likely to report ‘no change or eating less’ 
(55%), compared to healthy weight women (30%), (x2=35.397, df 1, 
p<0.001). 
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*healthy weight, pre-pregnancy body mass index <25kg/m2; **overweight, pre-pregnancy body mass index >25kg/m2; 
measured height and self reported pre-pregnancy weight 
Figure 5.2 Reported change in amount of food since commencing pregnancy for 
healthy (n=384) and overweight (n=194) women 
Morning sickness was reported as it ‘often’ being a barrier to healthy eating 
by 31% of participants, with a trend for more overweight women than healthy 
weight women to report this (36% vs 29%, x2=3.157, df 1, p=0.076). Women 
who reported morning sickness ‘often’ compared to ‘not at all’ and ‘rarely or 
occasionally’ being a barrier to healthy eating were more likely to report that 
the amount of food they were eating had not changed or was less than prior 
to pregnancy (45% vs 35%; x2=5.427, df 1, p=0.02). 
The mean Fat and Fibre Behaviour Questionnaire (FFBQ) score for the 
whole sample was 3.2 + 0.5 (range 1-5). The total FFBQ score, fat subscale 
score, serves of vegetables or dairy were not different between healthy 
weight and overweight groups (Table 5.1 ). The total number of serves of fruit 
per day and fibre subscale score was lower for overweight compared to 
healthy weight women (Table 5.1). 
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Table 5.1  New Beginnings study sample and comparison between healthy* and 
overweight+ participants for dietary behaviour measures reported at about 
16 weeks gestation [Mean + s.d] 
 Whole New Beginnings cohort 
(n=575) 
Healthy weight*a 
(n=382) 
Overweight+a 
(n=193) 
Differenceb
Total FFBQc scored 3.2 + 0.5 3.2 + 0.5 3.2 + 0.5 0.431 
FFBQ fat subscale 
scored 
3.4 + 0.5 3.4 + 0.6 3.4 + 0.5 0.565 
FFBQ fibre subscale 
scored 
2.8 + 0.6 2.9 + 0.6 2.7 + 0.6 0.009e
Serves of fruit/day 
(4/day recommended) 
2.0 + 1.0 2.1 + 1.0 1.8 + 0.9 0.001f
Serves of 
vegetables/day 
(5/day recommended) 
2.3 + 1.2 2.3 + 1.2 2.3 + 1.1 0.896 
Serves of dairy/day  
(2/day recommended) 
2.0 + 1.0 2.0 + 1.0 1.9 + 0.9 0.623 
*healthy weight, pre-pregnancy body mass index <25kg/m2; +overweight, pre-pregnancy body mass index >25kg/m2; 
ameasured height and self reported pre-pregnancy weight; bindependent samples t-test, cFFBQ=Fat and Fibre 
Behaviour Questionnaire 281, dscore scale ranges from 1 lowest to 5 highest quality of intake; et=2.62; ft=3.346. 
 
The number of serves of fruit, vegetables and dairy products consumed each 
day were compared to current recommendations. Six percent of participants 
ate the recommended the number of fruit serves (four serves), 4% had 
adequate vegetable consumption (five serves) and 63% reported dairy 
serves consistent with the recommended two serves per day. More healthy 
weight participants achieved the recommended fruit serves compared to 
overweight women (8% vs 4%, x2=3.857, df 1, p=0.05). There was no 
difference in the proportions of participants meeting the dairy or vegetable 
serves recommendations by weight status. 
Fifty-seven percent, 56% and 37% of participants respectively ‘usually’ or 
‘always’ chose reduced fat varieties of milk, cream products (including ice-
cream) and cheeses. There were no differences between weight status 
groups. 
Those commencing pregnancy overweight, compared to a healthy weight, 
more frequently consumed take away (37% vs 25%, x2=9.47, df 1, p=0.002), 
soft drink or cordial (55% vs 43%, x2=8.00, df 1, p=0.005) and high fat, 
savoury biscuits (32% vs 24%, x2=4.99, df 1, p=0.025) once a week or more. 
There was no difference between weight status groups on the reported 
frequency of consumption of chocolate and lollies; pastries, cakes and 
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biscuits; potato crisps, corn chips or salted nuts; and potato chips, french 
fries or wedges. 
5.2.3.2 Physical activity behaviour 
Figure 5.3 outlines the distribution of responses for the change in the amount 
of physical activity since commencing pregnancy. Healthy weight women 
were more likely to report a reduction in physical activity than overweight 
women (61% vs 52%, x2=4.966, df 1, p=0.026). 
 
*healthy weight, pre-pregnancy body mass index <25kg/m2; **overweight, pre-pregnancy body mass index >25kg/m2; 
measured height and self reported pre-pregnancy weight. 
Figure 5.3 Reported change in amount of physical activity since commencing 
pregnancy for healthy (n=382) and overweight (n=193) women 
Continuous physical activity measures were negatively skewed. Details of the 
number of sessions, minutes for each activity and totals are presented in 
Table 5.2. Walking was the predominant activity reported. 
While the median scores were identical, the distribution of responses for 
vigorous activity sessions and minutes, and the total number of physical 
activity sessions (tested with the Mann-Whitney U test) was lower in 
overweight women, compared to healthy weight women (Table 5.2). 
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Table 5.2 New Beginnings study sample and comparison between healthy* and 
overweight+ participants for physical activity per week reported at about 
16 weeks gestation [median (interquartile range)] 
 Total New 
Beginnings sample 
Healthy weight*a  Overweight+a
 
Differenceb
Sessions of walking  4 (2-6) (n=576) 4 (2-6) 4 (2-5) 0.066 
Minutes of walking 120 (50-180) 
(n=571) 
120 (60-206) 120 (45-180) 0.214 
Sessions of moderate 
activity  
0 (0-1) 0 (0-1) 0 (0-1) 0.968 
Minutes of moderate 
activity 
0 (0-60) 0 (0-60) 0 (0-45) 0.734 
Sessions of vigorous 
physical activity 
0 (0-1) 0 (0-1) 0 (0-0) 0.026 
Minutes of vigorous 
physical activity 
0 (0-25) (n=578) 0 (0-30) 0 (0-0) 0.026 
Total sessions of 
physical activity 
5 (3-8) (n=578) 5 (3-8) 5 (3-7) 0.044 
Total minutes of physical 
activity 
150 (60-285) 150 (72-300) 150 (60-247) 0.155 
*healthy weight, pre-pregnancy body mass index <25kg/m2; +overweight, pre-pregnancy body mass index >25kg/m2; 
ameasured height and self reported pre-pregnancy weight; bindependent samples Mann-Whitney U test. 
 
There was no difference between healthy and overweight participants 
achieving sufficient total sessions, minutes of activity or sessions and 
minutes combined (Table 5.3). 
Table 5.3 New Beginnings study sample and comparison between healthy* and 
overweight+ participants for sufficient minutes and sessions of physical 
activity per week reported at about 16 weeks gestation [percentage 
(count)] 
 Whole New Beginnings 
cohort  
Healthy 
weight*a  
Overweight+a Differenceb
Sufficient sessions  physical activity  58 (328) 59 (219) 55 (107) 0.376 
Sufficient minutes of physical activity 51 (291) 51(192) 51 (97) 0.925 
Sufficient sessions and time of physical 
activity 
44 (245) 44 (160) 43 (83) 0.934 
*healthy weight, pre-pregnancy body mass index <25kg/m2; +overweight, pre-pregnancy body mass index >25kg/m2; 
ameasured height and self reported pre-pregnancy weight; bchi squared test. 
5.2.4 What Support Women are Receiving 
The proportion of participants sometimes/usually/always being provided with 
health professional advice relating to healthy eating and physical activity in 
pregnancy at 16 and 36 weeks gestation is outlined in Table 5.4. 
There was no difference between the proportions for healthy and overweight 
women (data not presented). There was little change in the reported 
proportions at 36 weeks gestation. 
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Table 5.4 New Beginnings study sample reporting sometimes/usually/always being 
provided with health professional advice relating to healthy eating and 
physical early and later in pregnancy [percentage (count)] 
Health professional advice item Baseline proportion 
sometimes-always (n=575) 
36 weeks gestation proportion 
sometimes-always (n=492) 
The health care professionals who have cared for me since I became pregnant ... 
ask me about the foods I eat 43 (247) 39 (191) 
encourage me to eat healthy foods 64 (373) 58 (287) 
give advice about the amount of 
food to eat 
29 (169) 21 (104) 
give advice about how to plan and 
prepare healthy food 
16 (95) 13 (65) 
ask me about the physical activity I 
do 
39 (226) 42 (206) 
encourage me to be physically 
active 
47 (273) 50 (243) 
advise me to limit the amount of 
activity I do 
23 (135) 18 (89) 
criticise me for not doing enough 
physical activity 
4 (21) 3 (14) 
offer advice about how to include 
physical activity in my day 
23 (135) 21 (101) 
 
Ten percent of participants (n=52) reported being advised by their doctor to 
restrict their activity for medical reasons  during their pregnancy. Obstetric 
complications, such as threatened preterm labour, bleeding, placenta previa 
and cervical incompetence, were cited as reasons for this advice by 28% 
(n=15) of these women. Medical complications, such as clotting disorders, 
increased blood pressure, hyperemesis gravidarum and oedema, were 
reported by nine participants (17%) as the reason for advice to restrict 
activity. Musculoskeletal pain (13/52) and injury (4/53), particularly in the 
back, pubic symphysis and legs, were responsible for advice to limit activity. 
The remainder of participants were advised to reduce the intensity or type of 
activity to accommodate pregnancy, with three participants citing carrying 
twins as the reason to limit their activity. 
5.2.5 What Support Women Want 
Eighty percent of participants stated that they would have been interested in 
attending education about nutrition, physical activity and weight control if it 
was available. This was not different between healthy and overweight 
women. Of those women wanting education, a social network (6%), DVD 
(10%) and group sessions (11%) were the least popular mode of delivery for 
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education. Written information (40%), individual education (26%) and a 
combination of group and individual sessions (25%) were selected more 
frequently. This information needs to be interpreted with caution, as some 
women selected only their most preferred option (one means), whereas 
others selected multiple methods. Almost half (55%) of the women wanted 
information when they first found out that they were pregnant, with 35% 
preferring this when they first came to the hospital clinic and 10% ‘at another 
time’. Those who reported ‘at another time’ provided comments mostly 
relating to wanting information through the pregnancy at multiple times. 
When reporting the preferred method of ongoing contact, 43% reported 
email, 36% selected face to face, 20% by phone and 6% SMS. 
5.3 DISCUSSION 
This study of a large, representative sample of women attending their first 
antenatal visit is one of the first studies to simultaneously examine diet and 
physical activity knowledge, attitudes and behaviours according to pre-
pregnancy weight status and health professional advice. It highlights a 
number of opportunities for supporting women to make healthy lifestyle 
behaviour changes during pregnancy. 
The data show that healthy eating was widely regarded as very important in 
pregnancy (endorsed by 70% of the sample), with the majority of women 
(84%) indicating that this had become more important than it was prior to 
pregnancy. In contrast, only one-third of women (38%) reported that regular 
physical activity was very important in pregnancy and there was greater 
variability in whether women regarded this as more or less important than 
prior to pregnancy. Pre-pregnancy weight status was not associated with 
women’s perceptions of the importance of healthy eating, but, unexpectedly, 
overweight women were more likely than healthy weight women to report that 
the importance of regular physical activity had increased. 
The majority of women did not meet key dietary and physical activity 
recommendations, with overweight women less likely to achieve some of 
these. While pregnancy specific nutrition knowledge was good, practical 
knowledge about how much to eat was poor. While half to two-thirds of 
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women reported that health professionals encouraged physical activity and 
healthy eating respectively, specific advice and support to achieve these 
healthy lifestyle behaviours was limited. 
A teachable moment, an event or circumstance that is seen as an opportunity 
to promote positive health changes, has been linked with the reproductive 
period.193 This concept was explored in detail section 2.3.5. There has been 
some contention regarding the concept of a teachable moment for behaviour 
change, due to methodological issues associated with testing the theory and 
the lack of theoretical development of a model.192 Regardless of such debate, 
pregnancy, while perhaps not the only time in the lifecourse,195 does present 
an opportunity to engage with women to improve lifestyle habits. The 
perception of the importance of lifestyle behaviours, and changes in this 
perception, provide an insight into the extent of this opportunity. 
5.3.1 What Women Think: Importance of Behaviours 
The high rates of positive attitudes towards healthy eating in pregnancy 
reported here are consistent with findings from other small, qualitative 
studies.171 ,288 ,321 They potentially reflect both widespread beliefs that good 
nutrition is one of the few ways that pregnant women can actively protect 
their baby’s health,170 and the major focus in antenatal care on the provision 
of advice about healthy eating, supplementation and food safety.322 While 
healthy weight and overweight women in the New Beginnings study were 
equally likely to report that healthy eating was important and had become 
more important to them since becoming pregnant, other evidence suggests 
that these women may not be equally successful in achieving a healthy diet. 
Regular physical activity during pregnancy was less likely to be regarded as 
‘very important’ by the New Beginnings participants. Of interest, healthy 
weight women more frequently reported that the importance of regular 
physical activity was the same or less important than prior to pregnancy, 
while overweight women were more likely to report it as more important. This 
may be related to healthy weight women already believing physical activity is 
important and this does not change on becoming pregnant. 
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These results may reflect historical contention about the safety of physical 
activity in pregnancy, despite current recommendations that regular activity is 
a key component of a healthy pregnancy.323 Several studies report that some 
pregnant women perceive physical activity to be a potential danger to their 
baby’s wellbeing,324 with health care professionals reinforcing this 
perception.325 For example, a US study (n=179) found that two-thirds of 
surveyed women reported receiving information about the risks of antenatal 
physical activity and viewed jogging as risky.325 A small UK study reported 
that fewer than one in five women rated an active lifestyle as important in 
pregnancy, in contrast to four out of five reporting that getting a good night’s 
sleep was very important.324 Unexpectedly, more overweight women reported 
that physical activity had become more important on becoming pregnant. It is 
plausible that becoming pregnant is a motivator to become healthier for their 
baby’s sake and physical activity is seen as a component of this. 
While it is acknowledged that there is little evidence demonstrating that an 
increase in physical activity is beneficial in pregnancy, maintaining regular 
physical activity has wide health benefits,323 particularly for appropriate 
weight gain.6 The results of this study suggest that women, and particularly 
healthy weight women, would benefit from a greater focus in antenatal care 
on the importance of establishing or maintaining regular, physical activity 
throughout pregnancy. 
Collectively, these findings highlight opportunities for supporting women to 
maintain or change their health behaviours in early pregnancy, to the benefit 
of their own health and that of their babies. One study in particular noted that, 
for overweight and obese participants, the antenatal period was seen as an 
opportunity to make lifestyle changes. The comment from one first-time 
mother represents this view: “Being pregnant perhaps is a good trigger, a 
good motivational point ... to actually maybe take stock of what you are doing 
or what you are not doing. And to start making choices which will continue 
after you’re pregnant.”321(p3) 
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5.3.2 What Women Know 
Despite a positive attitude to eating well during pregnancy, less than one in 
ten, and one–third, of women knew the specific nutritional recommendations 
for fruit and vegetable serves, respectively. 
While there has been debate that knowledge is important in health promoting 
behaviours,326 ,327 knowledge is considered a core determinant for behaviour 
change.146 Without adequate knowledge of health behaviours or risks, people 
have little reason to change.146 An independent, positive association has 
been demonstrated between nutrition knowledge and intake of fruit and 
vegetables in men and women.326 New Beginnings study participants 
correctly identified that diet during pregnancy affects maternal and child 
health and that to be physically active, as well as having a healthy diet, are 
important. However, women knew less about the practical application of this 
knowledge, such as the correct amount of fruit and vegetables to consume 
and the recommendations for physical activity. Knowledge deficits were not 
greater in overweight pregnant women, despite the differences identified in 
health behaviours. Women cannot be expected meet recommendations 
without adequate knowledge of what should be achieved; however, this alone 
may not result in appropriate behaviour. Support to overcome barriers, to 
increase confidence and to gain specific advice from health professionals 
may be important in achieving recommendations. Psychosocial aspects will 
be explored further in Chapter 6: 
5.3.3 What Women are Doing: Dietary Behaviour and Physical Activity 
Few pregnant women in the New Beginnings study met dietary or physical 
activity recommendations. This confirms results from other Australian studies 
reporting that pregnant women consume, on average, two serves of fruit and 
vegetables each day.69 ,71 ,72 ,288 and less than ten percent of pregnant women 
achieved sufficient serves of these food groups each day,69 and only one-
third are sufficiently active.69 These results may represent a broader issue in 
Australian women of child bearing age. Data from the Australian Longitudinal 
Study on Women’s Health found little difference in dietary quality and 
consumption of fruit and vegetables between pregnant women, those with a 
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delivery less than 12 months previously, those actively trying to conceive and 
women aged 25-30 years old who did not fall into these criteria.70 ,73 
Broadly, the results of this thesis suggest that pre-pregnancy weight status 
had little impact on those women achieving recommendations, with no 
differences between healthy and overweight women achieving consumption 
of the recommended serves of vegetables and sufficient physical activity, and 
the overall dietary quality score and fat subscale score. However, overweight 
women had a lower fruit intake, participated in less vigorous physical activity 
and had a greater frequency of intake of energy-dense, nutrient-poor foods. 
This suggests that women commencing pregnancy overweight may need 
targeted advice to address specific behaviours, rather than general advice. 
The draft new recommendations for food group servings in Australia328 
indicate that there will be a reduction in the serves of fruit to two per day for 
pregnant women. Using this draft recommendation, the proportion of study 
women achieving sufficient fruit intake would rise to 67%. However, 
overweight women were still less likely than healthy weight women to 
achieve this lower level of recommended daily fruit consumption (data not 
shown, but available on request). 
While there is no increase in energy requirements in the first trimester of 
pregnancy, two-thirds of participants in this study reported consuming more 
food. By 16 weeks, more than half of participants had reduced their physical 
activity. 
Pre-pregnancy weight status had a differential effect on the change in the 
amount of physical activity and food intake reported. Healthy weight women 
were more likely to report a reduction in physical activity and an increase in 
food intake. This reduction in activity appears to mirror the change in the 
importance of activity reported by healthy weight women. However, it is 
possible that healthy weight women were engaging in more physical activity 
prior to pregnancy and the reduction in physical activity, on becoming 
pregnant, brought the amount in line with overweight women, who may not 
have been undertaking much activity and could, therefore, report no change. 
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The findings of overweight women being less likely to report an increase in 
food consumption should be interpreted with caution. Overweight adults have 
been more likely to under-report dietary intake.329 While this may be the case 
in this study, morning sickness is a common pregnancy concern that can 
impact on nutritional intake.330 The one-third of New Beginnings study 
participants who reported that morning sickness was often a barrier to 
healthy eating were more likely to report ‘no change’ or ‘less’ to food 
consumption. The trend for more overweight women (36% vs 29%) to report 
this pregnancy symptom may have contributed to the reports of reduced 
intake. 
There was no difference in overall diet quality according to pre-pregnancy 
weight status. A potential limitation in detecting group differences for dietary 
quality was the limited range of items in the tool and the categorisation of 
pre-pregnancy BMI. Previous studies using 90 to 120 item tools have 
identified a negative association between pre-pregnancy BMI and dietary 
quality.74 ,75 Both of these studies had large sample sizes (n=2,39474 and 
n=1,77775) compared to the current study and separated pre-obese and 
obese women for their analysis. Laraia et al (2007)74 found differences 
between obese women, healthy women and underweight women for total 
dietary quality, but pre-obese women were not different from any weight 
category.74 It is possible that combining pre-obese and obese women in the 
current sample attenuated differences between healthy weight and 
overweight women. Further, the 20 item tool used in the New Beginnings 
study may not have enough diversity in dietary items to detect differences in 
overall diet quality between weight status categories. 
Within the FFBQ, there was no difference between weight status groups for 
the fat subscale, however, healthy weight women had a higher fibre subscale 
score compared to overweight women. Dietary behaviours associated with 
higher fibre intake have stronger associations with each other and appear to 
be more consistent within individuals. This is demonstrated through higher 
correlations between fibre behaviours of consumption of brown rice and 
wholemeal pasta (r=0.565, p<001), brown rice and wholegrain bread 
(r=0.340, p<0.001) and wholegrain bread and wholemeal pasta (r=0.386, 
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p<0.001). These correlated and similar dietary variables contribute more 
heavily to the scoring of the index.331 These variables and the fibre subscale 
may be better able to distinguish between individuals than the fat subscale. 
Alternatively, it is possible that the failure to identify differences in 
consumption of reduced fat milk; reduced fat cream products; pastries, cakes 
and biscuits; and chocolate and lollies between healthy and overweight 
women suggests that there is little difference in fat behaviours assessed by 
the FFBQ. 
Despite no differences in FFBQ and fat subscale scores between weight 
groups, aspects of dietary behaviours in the consumption of non-core foods 
were different. Overweight women were more likely to eat takeaway, high fat 
savoury biscuits and drink soft drink or cordial once a week or more. These 
consumption patterns provide some indication of the poorer dietary quality in 
the overweight women. 
5.3.4 What Support Women are Receiving and Want 
Health professionals providing antenatal care have an important role in 
advising and supporting women to achieve recommendations for health 
behaviours in pregnancy. However, in the current study, support and advice 
for healthy eating and physical activity beyond encouragement was limited. 
Specific assessment or advice relating to these behaviours was lacking. 
Limited research is available reporting received health professional advice 
relating directly to nutrition and physical activity during pregnancy. However, 
the low level of discussion beyond encouragement reported in our study is 
consistent with studies examining antenatal care provider practices in the 
context of weight gain and obesity.332-334 Despite health care providers 
acknowledging the importance of nutrition and physical activity, a lack of 
knowledge and education has been reported.335-338 Specific knowledge is 
essential for health care providers to have the confidence to provide 
appropriate advice and support women to achieve recommendations during 
pregnancy. 
In this study, four out of five women were interested in receiving education 
about lifestyle behaviours; they wanted this individualised and preferred face 
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to face contact. These results are consistent with previous studies.288 ,339 A 
recent telephone evaluation of a poorly attended group weight management 
program for obese pregnant women was offered at a tertiary obstetric 
hospital. The reported preference for individual appointments was that a 
‘tailored approach [would be] much more suitable’ and that this would 
‘minimise embarrassment’.339(p.4) Other barriers associated with the lack of 
attendance at this program related to work commitments, travel distance, 
expensive parking and lack of transport339; experiences unlikely to be 
isolated to the population in the study and unlikely to be addressed by 
individual, face to face appointments. Targeting intervention delivery to meet 
the needs of women is important to ensure engagement with services, 
however, this needs to be balanced with the ability of health services to 
deliver. 
5.3.5 Summary 
These results suggest that basic recommendations for a healthy pregnancy 
were not being met in relation to eating and physical activity. Overweight 
women appear less likely to meet some, but not all, recommendations. This 
is, perhaps, not surprising in the context of relatively poor knowledge and 
limited health care professional assessment or advice. The majority of 
participating women were aware of the importance of healthy eating, while 
perceptions about regular physical activity were more mixed. 
Drawing on health behaviour change theories,146 ,152 ,156 these data suggest 
that different intervention strategies are required to improve these 
behaviours. For healthy eating, where awareness is already high, the typical 
approach should be focussed on assisting women to develop and implement 
specific strategies, such as including practical information on food choices for 
achieving a healthy diet. For physical activity, greater education about the 
benefits is likely to be needed in order to support behaviour maintenance or 
improvement. 
These results, taken together, indicate that there are both needs and 
opportunities to enhance the health care services that pregnant women 
receive to improve knowledge and behaviours. Indeed, pregnant women 
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appear to want this. The psychosocial factors relating to healthy eating, 
physical activity and gestational weight gain have the potential to impact on 
these health behaviours in pregnancy. These aspects will be explored in the 
next chapter. 
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Chapter 6: Maternal Psychosocial Domain 
6.1 OVERVIEW 
This chapter presents data relating to the predisposing, reinforcing and 
enabling factors for healthy eating, physical activity and gestational weight 
gain. These factors were discussed in detail in the Methodology chapter, in 
section 3.4 on page 127. The chapter begins with the results from the internal 
consistency analysis for the constructs (see Methodology section 3.6.4, page 
138). This is followed by the results of the research questions: 
1. How do women who are overweight prior to pregnancy differ from 
healthy weight women on predisposing, reinforcing and enabling factors 
for healthy eating, physical activity and weight gain? 
2. What predisposing, reinforcing and enabling factors are associated with 
eating and physical activity behaviours for healthy and overweight 
women? 
The results and implications will be discussed towards the end of this 
chapter. 
6.1.1 Overview of Methods 
Predisposing factors considered included: 
• risk perception; 
• intentions for healthy eating, physical activity and gestational weight 
gain (GWG); 
• outcome expectations for healthy eating, physical activity and GWG; 
• self efficacy for healthy eating and physical activity; 
• weight locus of control (see on page 130). 
Reinforcing factors were social support for healthy eating, physical activity 
and GWG (see on page 133). 
Enabling factors were barriers to healthy eating and physical activity (see on 
page 134). 
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An internal consistency analysis was conducted for all scale items 
considered appropriate for analysis (see section 3.6.3.1 on page 137). 
The differences between groups were assessed using independent sample t-
tests or Mann-Whitney U tests, as appropriate, for continuous data and chi 
square for categorical data. 
Hierarchical, multivariate, linear regression modelling was used to examine 
associations between predisposing, reinforcing and enabling constructs and 
healthy eating (measured using the FFBQ) and physical activity (measured 
using total minutes of self reported physical activity) at about 16 weeks 
gestation. Details of the steps involved in the modelling are described 
immediately preceding the results for this analysis. 
6.2 RESULTS 
6.2.1 Internal Consistency of Scales 
The items within the risk perception and intentions indices were not expected 
to correlate, therefore, internal consistency measures were considered 
inappropriate (see section 3.6.3.1 on page 137). 
Health professional support scales were not constructed, due to the skewed 
data for all items. Each item was treated as categorical. 
Cronbach’s alpha coefficient for each psychosocial construct computed is 
presented in Table 6.1. One scale was modified based on an internal 
consistency analysis. Social support for GWG had one item, E3d, designed 
to be reversed scored, that negatively impacted on internal consistency. 
Removal of this item changed the internal consistency from 0.322 to 0.565 
for the overall scale. All constructed scales had a final alpha coefficient 
indicating modest to high internal consistency. 
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Table 6.1 Internal consistency analysis of psychosocial constructs in New 
Beginnings study sample 
Construct Items in initial 
scale 
Mean inter–item 
correlation 
Final 
Cronbach’s 
alpha 
Questionnaire item 
number included‡ 
Predisposing factors  
Positive outcome expectations 
healthy eating 
2 0.560 0.698 C4a-b 
Positive outcome expectations 
physical activity 
3 0.542 0.775 D3a, D3c, D3d 
Positive outcome expectations 
gestational weight gain 
4 0.488 0.791 E2a, E2c, E2e, E2g 
Negative outcome expectations 
healthy eating 
2 0.454 0.600 C4c-d 
Negative outcome expectations 
physical activity 
2 0.404 0.575 D3b, D3e 
Negative outcome expectations 
gestational weight gain 
3 0.278 0.536 E2b, E2d, E2f 
Self efficacy healthy eating 15 0.455 0.926 C3a-h, C5a-g 
Self efficacy physical activity 15 0.426 0.917 D2a-h, D4a-g 
Weight locus of control 4 0.215 0.510 E1a-d 
Reinforcing factors  
Social support for healthy eating 5 0.318 0.692 C8a-e 
Social support for physical activity 5 0.204 0.602 D7a-e 
Social support for gestational 
weight gain 
3 (removed 
reverse scored 
E3d) 
0.213 0.565 E3a-c 
Enabling factors  
Barriers to healthy eating 5 0.343 0.718 C7a-e 
Barriers to physical activity 7 0.299 0.735 D6a-g 
‡see Appendix I for final Time 1 questionnaire and Methodology Table 3.3 on page 128, for construct details. 
 
6.2.2 Psychosocial Factors and Pre-pregnancy Weight Status 
6.2.2.1 Predisposing factors 
RISK PERCEPTION 
Overall risk perception measures (see Table 3.3 on page 128), compared by 
pre-pregnancy weight status, are presented in Table 6.2. Risk perception 
was higher for overweight women across all measures, except for the 
perceived risk for the average pregnant woman. Both weight status groups 
perceived their risk to be below that of an average pregnant woman (with 
reference to relative risk perception). 
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Table 6.2 Comparison of risk perception measures between healthya and 
overweightb women reported at about 16 weeks gestation 
Perceived risk 
measure 
Healthy weighta [n=379]
Mean+ s.d 
(range) 
Overweightb [n=194] 
Mean+ s.d 
(range) 
t statistic p value 
Average risk 
perceptionc  
3.3 + 1.0 
(1.0-6.3) 
3.4 + 0.9 
(1.0-6.0) 
-0.143 0.152 
Personal risk 
perceptionc  
2.4 + 1.0 
(1.0-6.5) 
2.9 + 1.0 
(1.0-6.3) 
-6.327 <0.001 
Relative risk 
perception+ 
-0.9 + 1.1 
(-4.5-4.0) 
-0.5 + 1.0 
(-4.0-2.7) 
-4.851 <0.001 
Risk perception for 
gestational weight 
gaind 
3.6 + 1.4 
(1.0-7.0) 
4.0 + 1.3 
(1.0-7.0) 
-0.342 0.001 
Risk perception for 
pre-pregnancy 
weight#d 
1.0 (1.0- 1.0) 
(1.0-5.0) 
2.0 (1.0-3.0) 
(1.0-7.0) 
17,327.5 <0.001 
ahealthy weight BMI <25.0kg/m2 based on self report pre-pregnancy weight and measure height; 
boverweight BMI >25.0kg/m2 based on self report pre-pregnancy weight and measure height; 
cseven point Likert scale 1=very unlikely, 4=somewhat likely, 7=very likely, higher score=greater risk; 
dseven point Likert scale 1=not likely to cause problems, 4=may cause some problems, 7=likely to cause serious 
problems, higher score greater problems; 
#results reported as median (interquartile range), U test statistic; 
+difference between average and personal risk perception. 
 
Significantly more overweight women perceived it likely that they would 
develop a medical complication, gain excess weight or have a baby born 
large for gestational age compared to healthy women (Table 6.3). There 
were no differences between overweight and healthy weight women for the 
perceived likelihood of experiencing problems in breastfeeding. 
Table 6.3 Comparison of healthy weight* and overweight+ women reporting that 
each condition was likely‡ to occur during their pregnancy reported at 
about 16 weeks gestation of the [percentage (count)] 
 Healthy weight*a
[n=379] 
Overweight+a
[n=194] 
p value 
Develop a medical 
complication 
9% (34) 26% (50) p<0.001b 
Gain more weight than 
recommended 
25% (97) 54% (105) p<0.001c 
Have a baby born large for 
gestational age 
17% (66) 28% (54) p=0.003d 
Have problems with 
breastfeeding 
29% (112) 31% (60) p=0.662e 
*healthy weight, pre-pregnancy body mass index <25kg/m2; +overweight, pre-pregnancy body mass index 
>25kg/m2; ameasured height and self reported pre-pregnancy weight, bx2= 29.703, df, 1; cx2= 47.230, df, 1; 
dx2=8.892, df, 1; ex2=0.191, df, 1. ‡seven point scale 1=very unlikely, 4=somewhat likely, 7=very likely, responses 
dichotomised >4= likely. 
 
The proportion of healthy and overweight women reporting it likely that their 
pre-pregnancy weight and excess weight gain would cause problems for 
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themselves and their babies is outlined in Table 6.4. As shown, a higher 
proportion of women reported that pre-pregnancy weight and excess weight 
gain would be likely to cause problems for their own health, compared to the 
health of their baby. A lower proportion reported that their pre-pregnancy 
weight, compared to excess weight gain during pregnancy, would lead to 
health problems for themselves or their child. In three of the four measures, 
overweight women were more likely than healthy weight women to report 
their pre-pregnancy weight or excess weight gain as being likely to lead to 
health problems. 
Table 6.4 Comparison of healthy weight* and overweight+ women reporting that pre-
pregnancy weight and excess weight gain is likely‡ to cause health 
problems reported at about 16 weeks gestation [percentage (count)] 
 Healthy weight*a
[n= 379] 
Overweight+a 
[n=194] p value 
Pre-pregnant weight likely to cause 
health problems for mother 4% (14) 33% (64) p<0.001
b 
Pre-pregnant weight likely to cause 
health problems for baby 2% (6) 14% (27) p<0.001
c 
Excess weight gain likely to cause 
health problems for mother 65% (250) 77% (149) p=0.003
d 
Excess weight gain likely to cause 
health problems for baby 55% (210) 57% (111) p=0.586
e 
*healthy weight, pre-pregnancy body mass index <25kg/m2; +overweight, pre-pregnancy body mass index 
>25kg/m2; ameasured height and self reported pre-pregnancy weight, bx2= 94.715, df 1; cx2= 36.422, df 1; 
dx2=9.049, df 1; ex2= 0.296, df 1. ‡seven point scale 1=not likely to cause problems, 4=may cause some problems, 
7= likely to cause serious problems, responses dichotomised >4= likely. 
 
INTENTIONS 
Women’s intentions for healthy eating, physical activity and managing their 
gestational weight gain during pregnancy were assessed at about 16 weeks 
gestation (see Table 6.5). All of the measures for intentions were positively 
skewed. The distribution of responses for intentions for healthy eating and 
physical activity were similar for overweight and healthy weight women, while 
intentions for gestational weight gain were higher for overweight women. This 
indicates that overweight women were more likely than healthy weight 
women to express intentions to control their weight gain in pregnancy. 
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Table 6.5 Comparison of intentions for health behaviours between healthya and 
overweightb women reported at about 16 weeks gestation [Median (IQR)] 
Intentionc Healthy weighta [n=385] Overweightb [n=194] U statistic 
(p value) 
Healthy eating 6.0 (5-6.3) 6.0 (5.3-6.3) 34,760.0 
(0.14) 
Physical activity 6.0 (5.5-7.0) 6.0 (5.5-6.5) 34,209.0 
(0.07) 
Gestational weight gain (control) 4.5 (3.5-6.0) 5.0 (4.0-6.0) 33,053.5 
(0.02) 
ahealthy weight BMI <25.0kg/m2 based on self reported pre-pregnancy weight and measured height; 
boverweight BMI >25.0kg/m2 based on self reported pre-pregnancy weight and measured height; 
crange one to seven, the higher the number, the higher the intentions; 
IQR=interquartile range. 
OUTCOME EXPECTATIONS 
Women’s positive and negative expectations associated with behaviours 
during pregnancy were assessed at about 16 weeks gestation for healthy 
eating, physical activity and gestational weight gain (Table 6.6). For all 
behaviours in the outcome expectations analysis, positive expectations were 
positively skewed and negative expectations were negatively skewed. As 
shown in Table 6.6, while the distribution of responses for positive outcome 
expectations were similar for the two weight groups, the distributions for 
negative outcome expectations for physical activity and weight control were 
higher for overweight women, compared to healthy weight women. This 
indicates that overweight women more often agreed that they would have to 
eat foods they did not like or make a lot of effort to control their weight in 
pregnancy, and physical activity would cause pain and discomfort or might be 
harmful to their baby, when compared to healthy weight women. 
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Table 6.6 Comparison of outcome expectations for health behaviours between 
healthya and overweightb women reported at about 16 weeks gestation 
[Median (IQR)] 
Variablec Healthy weight [n=385] Overweight [n=194] U statistic 
(p value) 
Positive outcome expectations for 
healthy eatingc 
4.0 (3.5-4.0) 4.0 (3.5-4.0) 36,969.0 
(0.90) 
Negative outcome expectations for 
healthy eatingc 
1.0 (1.0-2.0) 1.0 (1.0-2.0) 34,139.00 
(0.10) 
Positive outcome expectations for 
physical activityc 
3.6 (3.0-4.0) 3.6 (3.0-4.0) 34,931.0 
(0.20) 
Negative outcome expectations for 
physical activityc 
1.5 (1.0-2.0) 2.0 (1.5-2.0) 33,593.5 
(0.02) 
Positive outcome expectations 
gestational weight gainc 
3.5 (3.0-3.75) 3.25 (3.0 -3.5) 33,593.5 
(0.06) 
Negative outcome expectations 
gestational weight gainc 
2.0 (1.3-2.3) 2.0 (1.7- 2.3) 31,836.5 
(0.005) 
ahealthy weight BMI <25.0kg/m2 based on self reported pre-pregnancy weight and measured height; 
boverweight BMI >25.0kg/m2 based on self reported pre-pregnancy weight and measured height; 
crange one to four, the higher the number, the stronger the outcome expectations; 
IQR=interquartile range. 
SELF EFFICACY AND WEIGHT LOCUS OF CONTROL 
The self efficacy for healthy eating and physical activity, and weight locus of 
control assessed at about 16 weeks gestation are shown in Table 6.7. Across 
all three measures, there were strong and consistent differences, with lower 
self efficacy reported by women who commenced pregnancy overweight, 
compared to those of a healthy weight. 
Table 6.7 Comparison of self efficacy for health behaviours between healthya and 
overweightb women reported at about 16 weeks gestation [Mean+ s.d] 
Variable Healthy weighta 
[n=385] 
Overweightb [n=194] t statistic 
(p value) 
Healthy eating self efficacyc 3.94 + 0.69 3.66 + 0.71 4.421 
(<0.001) 
Physical activity self efficacyc 2.80 + 0.75 2.62 + 0.75 2.766 
(<0.001) 
Weight locus of controld 3.75 + 0.70 3.55 + 0.71 3.278 
(0.001) 
ahealthy weight BMI <25.0kg/m2 based on self reported pre-pregnancy weight and measured height; 
boverweight BM I>25.0kg/m2 based on self reported pre-pregnancy weight and measured height; 
crange one to five, the higher the score, the greater the self efficacy; 
drange one to five, the higher the score, the more internal locus of control, the lower the score, the more external 
locus of control. 
 
6.2.2.2 Reinforcing factors 
Table 6.8 provides details on the comparison of social support measures 
between weight status groups. In this analysis, healthy weight women 
reported higher social support for healthy eating and gestational weight gain 
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compared to overweight women. The data did not indicate any difference 
between social support for physical activity. 
Table 6.8 Comparison of social support for health behaviours between healthya and 
overweightb women reported at about 16 weeks gestation [Mean+ s.d] 
Social support measurec Healthy weighta 
[n=385] 
Overweightb [n=194] t statistic 
(p value) 
Social support for healthy eating 3.58 + 0.69 3.43 + 0.74 2.401 
(0.017) 
Social support for physical activity 3.44 + 0.65 3.41 + 0.67 0.472 
(0.637) 
Social support gestational weight gain 3.35 + 0.87 3.17 + 0.86 2.407 
(0.016) 
ahealthy weight BMI <25.0kg/m2 based on self reported pre-pregnancy weight and measured height; 
boverweight BMI >25.0kg/m2 based on self reported pre-pregnancy weight and measured height; 
crange one to five, higher score indicates greater social support. 
 
6.2.2.3 Enabling factors 
Barriers to healthy eating and physical activity were the only enabling factors 
assessed in this study (Table 6.9). Scores for both healthy eating barriers 
(cost, taste, convenience and information) and physical activity barriers (time, 
physical discomfort and information) were higher for overweight women 
compared to healthy weight women. 
Table 6.9 Comparison of barriers for health behaviours between healthya and 
overweightb women reported at about 16 weeks gestation 
Barrierc Healthy weighta 
[n=385] 
Overweightb [n=194] test statistic 
(p value) 
Barriers to physical activity# 2.17 + 0.69 2.31 + 0.66 -2.360 
(0.019) 
Barriers to healthy eating+ 1.6 (1-2.4) 1.9 (1.4-2.6) 31,437.50 
(0.002) 
ahealthy weight BMI <25.0kg/m2 based on self report pre-pregnancy weight and measure height; 
boverweight BMI >25.0kg/m2 based on self report pre-pregnancy weight and measure height; 
crange one to five, higher score indicates greater barriers; 
# results reported as mean + s.d. t-test statistic; 
+results reported as median (interquartile range), U test statistic. 
 
6.2.2.4 Summary 
Table 2.1 provides an overview of the differences between overweight and 
healthy weight women for predisposing, reinforcing and enabling constructs 
for healthy eating, physical activity and GWG control. As risk perception was 
not considered in the context of eating and activity behaviours. This construct 
and any relevant measures have not been included in the summary table. 
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Table 6.10 Summary of comparison between overweight and healthy weight women 
for predisposing, reinforcing and enabling factors for healthy eating, 
physical activity and GWG control at about 16 weeks gestation 
Construct Healthy eating Physical activity GWG control 
Predisposing factors 
Intentions X X ↑ 
Positive outcome 
expectations 
X X X 
Negative outcome 
expectations 
X ↑ ↑ 
Self efficacy ↓ ↓ NM 
Weight locus of control NM NM ↓ 
Reinforcing factors 
Social support ↓ X ↓ 
Enabling factors 
Barriers ↑ ↑ - 
GWG=gestational weight gain; X=no difference between groups; NM=construct not measured; ↑=overweight women 
higher score; ↓=overweight women lower score. 
 
6.2.3 Psychosocial Factors Contributing to Health Behaviours 
6.2.3.1 Dietary quality 
The primary measure of dietary behaviour at 16 weeks gestation in the New 
Beginnings study was the FFBQ total dietary quality score (see Table 3.3 on 
page 129). To examine the extent to which psychosocial factors were 
concurrently associated with the dietary behaviour, hierarchical, linear 
modelling was undertaken, with the FFBQ total score as the dependent 
variable (Table 6.11). To provide a robust evaluation of the independent 
contribution of psychosocial factors to dietary behaviour, demographic 
predictors of dietary behaviour were entered first. Psychosocial variables 
were then entered in two steps, with those variables that were predisposing 
factors (that is, intentions, self efficacy, etc.) entered first, followed by 
reinforcing and enabling factors (that is, social support and barriers). 
Variables selected for inclusion were those showing bivariate association 
with the outcome variable (p<0.10). As it was expected that the predictors of 
dietary behaviour would vary by weight status, separate models were fitted 
for healthy and overweight women. 
For healthy weight women, 26% of the variance in the FFBQ score was 
accounted for by the full model (R2=0.26, R2Adj=0.23, Fstatistic=9.092, p<0.001) 
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presented in Table 6.11. Psychosocial variables contributed a larger portion 
of the variance than the demographic variables. For overweight women, 39% 
of the variance in the FFBQ score was accounted for by variables in the full 
model (R2=0.39, R2Adj=0.34, Fstatistic=7.842, p<0.001). In contrast to the model 
for healthy weight women, psychosocial variables contributed a small amount 
to the overall variance when compared to the demographic factors. 
In terms of the demographic factors (step 1), being a non smoker was 
associated with a higher FFBQ score in both groups. For overweight women, 
being a first time mother and being older were positively associated with the 
FFBQ. These covariates were not significant predictors for healthy weight 
women. 
Amongst the predisposing factors (step 2), for overweight women, healthy 
eating self efficacy was the only psychosocial factor significantly associated 
with the FFBQ score. For healthy weight women, in addition to self efficacy 
for healthy eating, intentions for healthy eating, intentions for GWG and GWG 
knowledge were all positively associated with the FFBQ. 
Amongst the reinforcing and enabling factors (step 3) for overweight women, 
barriers to healthy eating had a significant negative association with the 
FFBQ score, while social support was unrelated. For healthy weight women, 
barriers were not associated with the FFBQ score, however, social support 
for GWG was positively associated with the FFBQ, while, unexpectedly, 
social support for healthy eating was negatively associated with the FFBQ 
score. 
 
Chapter 6: Maternal Psychosocial Domain 176 
Table 6.11 Hierarchical linear regression# for the Fat and Fibre Behaviour Questionnaire score reported at about 16 weeks gestation, stratified by 
pre-pregnancy weight status of healthya and overweightb 
 Healthy weighta [n=358]‡ Overweightb [n=174]† 
Variable β t p β t p 
Step 1 Demographics R2=0.052, p=0.002 R2=0.230, p <0.001 
Age in years 0.07 1.36 0.175 0.17 2.57 0.011 
Smoking (non vs smoker) -0.12 -2.61 0.009 -0.17 -2.67 0.008 
Country of birth (Australia vs other) 0.07 1.36 0.176 0.09 1.44 0.151 
Parity (nulliparous vs primi or multiparous) -0.08 -1.54 0.125 -0.18 -2.91 0.004 
Education(<University/ University) 0.01 0.25 0.799 0.12 1.87 0.063 
Step 2 Predisposing factors  ∆ R2=.184, p<.001 ∆ R2=0.132, p <0.001 
Intentions for healthy eating 0.15 2.88 0.004 0.13 1.90 0.060 
Self efficacy for healthy eating  0.25 4.07 <0.001 0.19 2.61 0.010 
Intentions for GWG 0.17 3.43 0.001 0.10 1.37 0.172 
GWG knowledge 0.16 3.29 0.001 0.11 1.74 0.084 
Risk perception GWG -0.01 -0.20 0.843 -0.02 -0.29 0.769 
Weight locus of control -0.04 -0.81 0.416 -0.09 -1.29 0.200 
Step 3 Reinforcing and enabling factors  ∆ R2=.026, p=.006 ∆ R2=0.020, p=0.127 
Social support healthy eating -0.17 -3.22 0.001 0.07 1.01 0.315 
Social support GWG 0.12 2.40 0.018 -0.03 -0.47 0.639 
Barriers to healthy eating -0.05 -0.77 0.439 -0.14 -1.98 0.049 
#all values given as per full regression model ;‡full model R2=0.26, Adj R2=0.23, Fstatistic=9.092, p <0.001; †full model R2=0.39, Adj R2=0.34, Fstatistic=7.842, p <0.001; 
ahealthy weight BMI <25.0kg/m2 based on self reported pre-pregnancy weight and measured height; 
boverweight BMI >25.0kg/m2 based on self reported pre-pregnancy weight and measured height; 
BMI=body mass index, GWG=gestational weight gain. 
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6.2.3.2 Minutes of physical activity 
The primary measure of physical activity at 16 weeks gestation was women’s 
self reported cumulative number of minutes spent in walking, moderate and 
vigorous physical activity. The association between psychosocial factors and 
concurrent physical activity was assessed using hierarchical, linear modelling 
Table 6.12). Models were fitted separately for women who commenced their 
pregnancy at a healthy weight and those overweight. The steps for identifying 
and entering the covariates, predisposing and reinforcing or enabling factors 
were the same as for the models of dietary behaviour. 
The full model accounted for 14% of the variance in the minutes of physical 
activity at about 16 weeks for healthy weight women (R2=0.14, R2Adj=0.11, 
Fstatistic=4.878, p <0.001) and 16% for overweight women (R2=0.16, 
R2Adj=0.098, Fstatistic=2.678, p=0.003). In contrast to the models for dietary 
behaviour, the demographic covariates (Step 1) made a very small 
contribution to the overall variance and none of the included variables were 
significantly associated with the physical activity for either healthy or 
overweight women. Similarly, the reinforcing or enabling factors entered in 
Step 3 made little overall contribution and none of the variables were 
significantly associated with physical activity for either healthy weight or 
overweight women. 
The only significant predictors of physical activity were predisposing factors. 
Self efficacy for physical activity was positively associated with minutes of 
physical activity for both healthy (β=0.30, p <0.001) and overweight (β=0.34, 
p <0.001) women. For healthy weight women only, intentions for physical 
activity were also positively associated with minutes of physical activity 
(β=0.13, p=027). None of the remaining predisposing variables were 
significantly associated with minutes of physical activity reported at about 16 
weeks gestation (see Table 6.12). 
Table 6.13 provides an overview of both of the constructs associated with 
dietary quality and minutes of physical activity for healthy and overweight 
women. Overall, predisposing factors accounted for more variance in both 
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healthy and overweight women for both behaviours than reinforcing or 
enabling factors, as indicated by the change in R2 in Step 2 of both models. 
 
Chapter 6: Maternal Psychosocial Domain 179 
Table 6.12 Hierarchical, linear regression# for minutes of physical activity reported at about 16 weeks gestation, stratified by pre-pregnancy 
weight status of healthya and overweightb 
 
 Healthy weighta [n=351]‡ Overweightb [n=172]† 
Variable β t p β t p 
Step 1 Demographics R2=0.010, p=0.660 R2=0.023, p=0.659 
Age in years -0.09 -1.68 0.093 0.09 1.18 0.241 
Smoking (non vs smoker) 0.00 0.13 0.900 0.09 1.20 0.233 
Country of birth (Australia vs other) 0.03 0.57 0.571 -0.05 -0.73 0.465 
Parity (nulliparous/primi or multiparous  -0.01 -0.24 0.809 -0.06 -0.83 0.408 
Education(<university/university) -0.06 -1.10 0.271 0.02 0.24 0.812 
Step 2 Predisposing factors ∆ R2=0.134, p <0.001 ∆ R2=0.123, p <0.001 
Intentions for physical activity 0.13 2.23 0.027 0.00 0.02 0.986 
Self efficacy for physical activity 0.30 4.68 <0.001 0.34 3.88 <0.001 
GWG knowledge 0.04 0.75 0.457 -0.02 -0.28 0.780 
Risk perception pre-pregnant weight 0.09 1.78 0.076 -0.10 -1.26 0.208 
Step 3 Reinforcing and enabling factors ∆ R2=0.000, p=0.999 ∆ R2=0.011, p=0.531 
Social support physical activity -0.01 -0.13 0.890 0.03 0.32 0.747 
Social support GWG 0.01 0.09 0.931 -0.11 -1.47 0.143 
Barriers to physical activity -0.00 -0.02 0.983 0.00 0.01 0.990 
#all values given as per full regression model; ‡full model R2=0.14, Adj R2=0.11, Fstatistic=4.878, p <0.001; †full model R2=0.16, Adj R2=0.10, Fstatistic=2.678, p=0.003; 
ahealthy weight BMI <25.0kg/m2 based on self reported pre-pregnancy weight and measured height; 
boverweight BMI >25.0kg/m2 based on self reported pre-pregnancy weight and measured height; 
BMI=body mass index; GWG= gestational weight gain. 
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Table 6.13 Summary of hierarchical, linear regression for healthy eating and physical activity, stratified by pre-pregnancy weight status of 
healthya and overweightb 
 Healthy eating Physical activity 
Variable Healthy weight Overweight Healthy weight Overweight 
 β β β β 
Step 1 Demographics R2=0.052, p=0.002 R2=0.230, p <0.001 R2=0.010, p=0.660 R2=0.023, p=0.659 
Age in years 0.07 0.17 -0.09 0.09 
Smoking (non vs smoker) -0.12 -0.17 0.00 0.09 
Country of birth (Australia vs other) 0.07 0.09 0.03 -0.05 
Parity (nulliparous vs primi or multiparous) -0.08 -0.18 -0.01 -0.06 
Education(<university/university) 0.01 0.12 -0.06 0.02 
Step 2 Predisposing factors ∆ R2=0.184, p <0.001 ∆ R2=0.132, p <0.001 ∆ R2=0.134, p <0.001 ∆ R2=0.123, p <0.001 
Intentions for healthy eating/physical activity# 0.15 0.13 0.13 0.00 
Self efficacy for healthy eating/physical activity# 0.25 0.19 0.30 0.34 
Intentions for GWG 0.17 0.10 X X 
GWG knowledge 0.16 0.11 0.04 -0.02 
Risk perception GWG -0.01 -0.02 X X 
Risk perception pre-pregnant weight X X 0.09 -0.10 
Weight locus of control -0.04 -0.09 X X 
Step 3 Reinforcing and enabling factors ∆ R2=0.026, p=0.006 ∆ R2=0.020, p=0.127 ∆ R2=0.000, p=0.999 ∆ R2=0.011, p=0.531 
Social support healthy eating/physical activity# -0.17 0.07 -0.01 0.03 
Social support GWG 0.12 -0.03 0.01 -0.11 
Barriers to healthy eating/physical activity -0.05 -0.14 -0.00 0.00 
ahealthy weight BMI <25.0kg/m2 based on self reported pre-pregnancy weight and measured height; boverweight BMI >25.0kg/m2 based on self reported pre-pregnancy weight and measured height; 
BMI=body mass index; GWG= gestational weight gain; #behaviour specific constructs of intentions; self efficacy and social support are the same; separate behaviour specific items were used to 
assess physical activity and healthy eating constructs; X=variable not included in the model. 
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6.3 DISCUSSION 
This is one of the first studies to identify the differences between the 
predisposing, reinforcing and enabling features relating to healthy eating, 
physical activity and GWG control in healthy and overweight women early in 
pregnancy. Predisposing factors were consistently associated with diet and 
physical activity behaviours for both healthy and overweight women. 
However, the reinforcing and enabling factors were differentially associated 
with dietary behaviour for weight groups and neither of these factors were 
associated with physical activity. This discussion will explore the differences 
between healthy and overweight women and between factors, and then 
associations with health behaviours. 
6.3.1 Differences Between Healthy and Overweight Women 
6.3.1.1 Predisposing factors 
Predisposing factors are considered to be the precursors to behaviour that 
provides the rationale or motivation to change or continue a given 
behaviour.17 Predisposing factors were examined in relation to healthy 
eating, physical activity and GWG control. In this chapter, those constructs, 
compared between healthy and overweight women, were of weight related 
risk perception; intentions, outcome expectations, self efficacy and weight 
locus of control. In this section, the differences between weight status groups 
will be discussed. 
WEIGHT RELATED RISK PERCEPTION 
Knowledge and perceived risk associated with health behaviours (and 
conditions) provide motivation for change and, without these, there is little 
reason to modify behaviour.146 In this study, overweight women had a higher 
perceived risk for complications for themselves, maternal and infant problems 
relating to their pre-pregnancy weight, and maternal health problems relating 
to excess GWG, when compared to healthy weight women. However, there 
was no difference between weight groups for the perceived risk of infant 
health problems relating to excess GWG. Despite the differences between 
healthy and overweight women, the overall perceived risk for all items was 
  
Chapter 6: Maternal Psychosocial Domain 182 
low for both weight groups. It appears that women perceive the risk to be 
greater for maternal, rather than infant, health outcomes. This is a low level 
of risk perception and is likely to have implications for women recognising the 
need for change and engaging with services, if they were available. 
There is limited research examining the construct of risk perception relating 
to maternal weight in pregnancy. A cross-sectional study (n=412) in pregnant 
women in Queensland found that women had a higher knowledge of the risks 
of obesity in maternal outcomes than in neonatal outcomes340 and the 
majority of women correctly identified that obese women were at a greater 
risk of medication complications.340 Consistent with these results, New 
Beginnings participants across both weight groups perceived the risk of 
health problems associated with pre-pregnancy weight and excess GWG to 
be greater for maternal than infant outcomes. In contrast, however, women in 
the New Beginnings study had a low risk perception for medical conditions, 
with only a quarter of overweight women reporting that they were likely to get 
a medical complication. Furthermore, almost half of the overweight New 
Beginnings participants reported a lower perceived risk for themselves, when 
compared to the average pregnant woman, for a medical complication. 
These different findings may relate to the nature of the survey items. The 
New Beginnings study asked participants to report the likelihood of each 
condition occurring, worded as it applies to the respondent, whereas the 
comparative study340 assessed knowledge as it applied to any pregnant 
woman. While people may have knowledge of general risks, the New 
Beginnings results suggest that they may not translate this into personal risk. 
On being informed of the risks associated with obesity in pregnancy, three 
quarters of 105 US pregnant women wanted further information about these 
risks and reported increased interest in weight loss prior to becoming 
pregnant.196 
Appropriately increasing the weight related risk perception for overweight 
women, and the risk perception associated with excess GWG in healthy 
weight women, may support women to contemplate change for healthier 
weight related behaviours prior to and during pregnancy. Identifying 
implications for infant outcomes may offer an additional point of leverage for 
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motivation. However, unless this raising of risk perception is coupled with an 
immediate opportunity to alleviate the risk, there is the potential that the 
message will backfire.17 
6.3.1.2 Intentions 
People’s intentions to act in a certain way are thought to be an important 
determinant of their behavioural responses.155 A UK study (n=103) exploring 
predictors of dietary intentions found that pregnant women (8-40 weeks 
gestation) who reported excessive intake of high fat or high sugar foods were 
more likely to intend to reduce their intake of these foods.175 This study also 
reported that participants with higher maternal and infant benefit scores for 
eating more fruit and vegetables or less high fat foods were three and a half 
times more likely to have the intention to eat more and five and half times 
more likely to have the intention to eat less of these food groups 
respectively.175 
In the New Beginnings study, intentions for healthy eating, physical activity 
and weight control were all positively skewed, indicating that women at 16 
weeks gestation were planning to make healthy choices, relating to these 
factors, in their pregnancy. While there were no differences between weight 
status groups for healthy eating and physical activity intentions, overweight 
women had higher intentions for GWG control than healthy weight women. A 
higher intention for GWG indicates an intention to carefully monitor the 
amount of weight gained. This difference between weight groups occurred 
despite there being no corresponding difference by weight status in the 
perceived risk associated with excess GWG, which was low for both groups. 
It is possible that women who commence their pregnancy overweight have 
stronger positive intentions to manage excess GWG, as they see pregnancy 
as a positive opportunity to overcome past difficulties with ‘excess’ weight. 
Harnessing these positive intentions, and supporting overweight women to 
achieve them, may be a key point in promoting sustained change during and 
beyond pregnancy. However, the impact of social desirability bias requires 
consideration in the context of these results. All women regardless of weight 
status may have over represented their intentions for a healthy pregnancy 
through reporting in a socially desirable direction to convey an impression of 
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complying with social norms 341. If all participants responded  in a socially 
desirable direction to the same degree, the results observed in the New 
Beginnings study would be unaffected 341. However if overweight women 
were more prone to reporting in a socially desirable way, these observed 
differences may not be ‘real’.  
It is plausible that, early in pregnancy, all women, regardless of their weight 
status, have a positive outlook for eating and physical activity behaviours, 
due to their potential benefits and before exposure to too many barriers. 
Health behaviour theories posit that intentions and, ultimately, behaviours are 
a product of weighing several factors, such as perceived risk, outcome 
expectations (pros and cons of engaging) and self efficacy.158 The role of 
these psychosocial factors in predicting intentions have not been explored in 
this thesis, as the focus has been on examining the roles of both intentions 
and other psychosocial factors in predicting behaviour (diet, physical activity 
and GWG). Nonetheless, future analyses that explore the psychosocial 
determinants of intentions appear warranted, as these may provide an insight 
into how health behaviour intentions are formed in pregnancy, with potential 
implications for interventions. 
6.3.1.3 Outcome expectations 
Outcome expectations, the positive or negative consequences of performing 
a given behaviour,342 are thought to influence not only intentions to act a 
certain way, but also the actual behaviour.146 There were no differences 
between healthy and overweight women for positive outcome expectations 
for healthy eating, physical activity or GWG control. Examples of items asked 
include in the Time 1 questionnaire include “if I eat a healthy diet it will be 
good for my babies [sic] growth and development”, “if I am physically active 
during my pregnancy I will be less stressed and have more energy”, “if I 
control my weight gain during my pregnancy I will be less likely to have 
complications in my pregnancy” (see Table 3.3 on page 130 for more 
details). Further, there were no differences between weight groups for 
negative outcome expectations for healthy eating (for example, “if I eat a 
healthy diet ... I will feel hungry”). Responses on the four point scale for all 
outcome expectancy measures were skewed, potentially due to the restricted 
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range. This lack of variability in responses may have contributed to a reduced 
ability to detect differences in these measures between weight status groups. 
However, the distribution of responses for negative outcome expectations for 
GWG control (for example, needing to put in more effort, eating foods the 
they did not like and not being able to enjoy their pregnancies) and physical 
activity (for example, experiencing pain and discomfort, or potentially harming 
their baby).were higher for overweight compared to healthy weight women. 
Such responses might reflect pre-pregnancy weight management 
experience. 
In general, positive expectations about the outcomes of a particular 
behaviour are thought to be a major determinant of initiating a change and 
individuals balance these expectations against negative ones.343 For 
overweight women, prior experience with physical activity or weight control is 
likely to shape these expectations. Ultimately, negative views may outweigh 
positive expectations and the adoption of behaviour changes may not occur. 
It is likely that both of these factors play a role in the development of 
intentions, influence self efficacy and, ultimately, behaviour. 
In the interest of maintaining appropriate variable to case ratios in 
multivariable modelling, and due to the reduced variability in responses, 
outcome expectations were not included in the subsequent regression 
analyses for the FFBQ score or physical activity. 
6.3.1.4 Self efficacy and weight locus of control 
Self efficacy reflects a person’s confidence or belief in his or her ability to 
perform and succeed in a particular situation or task.145 Key factors 
associated with enhanced self efficacy include performance attainments, 
sharing or exposure to experiences, and verbal persuasion by those 
knowledgeable about the activity.344 Self efficacy is thought to affect the 
amount of effort people will dedicate to adopting a new behaviour and their 
persistence when difficulties are encountered.345 
In the New Beginnings study, compared to healthy weight women, those 
overweight had lower self efficacy for healthy eating and physical activity. 
These results are consistent with health behaviour models that highlight the 
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association between confidence in performing ability to perform a task and 
execution of that behaviour.138 ,142 
However, there is has been little observational research examining specific 
self efficacy according to weight status, and none in pregnant women. 
Two studies (one in Australia346 and one in the US178) have observed lower 
self efficacy in women with a higher BMI. Obese non-pregnant women 
(n=138) recruited to a weight management program scored significantly 
lower on a self efficacy scale that measures the confidence to resist eating in 
20 difference situations (WEL questionniare347) than non-obese women 
friends or relatives (n=202).346 Similarly, mothers (n=202) with children under 
18 scoring in the lowest tertile for healthy eating self efficacy had significantly 
higher BMIs than those in the highest tertile.178 The study demonstrated that 
mothers who enjoyed meal preparation, had the television turned off during 
dinner time and used food labels for food selection were more likely to have 
higher healthy eating self efficacy.178 
It is possible that those women who are already overweight have failed at 
previous attempts to maintain a healthy diet or be physically active regularly 
and experience more barriers, and possibly less support, when efforts to 
engage in positive health behaviours are made. Collectively, these 
experiences may lead to a lack of confidence in initiating and continuing to 
engage in these behaviours. 
Weight locus of control (WLOC),301 relating to self belief in the control of body 
weight changes, was used in the New Beginnings study as a surrogate 
measure of self efficacy for weight control. High scores were suggestive that 
women perceived their weight to be under their control. Low scores indicated 
that women thought that factors outside of their control were largely 
responsible for their weight. The differences in WLOC between weight status 
in the New Beginnings study, wherein overweight women had lower scores 
than healthy weight women, were in line with expectations. 
Other studies of WLOC in women generally, and in pregnant women, have 
suggested that this characteristic both predicts and is predicted by successful 
attempts to lose weight. In the validation study for the WLOC scale,301 
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women attending a weight management clinic who had a higher WLOC were 
more likely to succeed at achieving their weight loss goals, while those with a 
lower WLOC were unable to translate their goals to actual behaviours.301 In 
addition, a higher WLOC was associated with previous successful weight 
loss attempts in a sample of pregnant women (n=622) in their second and 
third trimesters.302 
Previous difficulties in controlling weight are likely to be strong influences on 
WLOC. It is plausible that the perception of control is lower in women with a 
higher body weight. 
The Cronbach’s alpha for the WLOC scale in the New Beginnings sample 
was only acceptable at 0.51. This is consistent with the internal consistencies 
reported for the measure in the original validation, which were 0.56 and 0.58 
when administered to 113 college students twice.301 However, it is poorer 
than the internal consistency achieved in a sample of 622 pregnant women in 
their second and third trimesters, which reported a Cronbach’s alpha of 
0.73.302 The varied internal consistency of the scale between studies and the 
potential for instability over time345 needs consideration when interpreting 
these results. 
6.3.1.5 Summary of predisposing factors comparison 
Predisposing factors provide the rationale for a behaviour.17 This section has 
reported that there are differences, and some similarities, between healthy 
and overweight women for several of the predisposing factors examined. 
Overweight women had a higher risk perception than healthy weight women 
for all measures, except for having difficulties breastfeeding and excess 
GWG for infant outcomes. However, for both weight groups, the perceived 
risk was low. People who are unaware of the risks associated with excess 
weight prior to or during pregnancy are unlikely to develop the motivation to 
engage in healthy behaviours to prevent or manage this weight.155 
Appropriately, increasing the perceived risk may lead to previous non-
intenders accessing supportive health services. 
There was little difference between healthy and overweight women in the 
predisposing factors in what is likely to have a positive influence on health 
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behaviours, such as intentions and positive outcome expectations. However, 
those predisposing factors that are likely to have a detrimental impact on 
initiating and performing a behaviour were different between weight status 
groups. Self efficacy for healthy eating and physical activity, and weight locus 
of control, were lower in overweight women and negative outcome 
expectations for physical activity and GWG control were higher. 
It appears that both groups begin pregnancy with good intentions, and the 
positive expectations for engaging in behaviours are similar for healthy and 
overweight women. However, improving self efficacy and acknowledging 
negative expectations associated with behaviours in overweight women may 
be key intervention targets to ensure post-motivational factors influencing the 
translation to behavioural change162 to not impede the realisation of positive 
intentions.155 
6.3.2 Reinforcing and Enabling Factors 
6.3.2.1 Reinforcing factors 
Reinforcing factors are those factors that provide continuing reward or 
incentive to continue behaviours.17 Health professional support was highly 
skewed, therefore, social support was the only reinforcing factor, compared 
between weight groups in the New Beginnings study. Measures of social 
support may be generic or relate to a specific outcome,348 such as eating or 
physical activity behaviours. Social support has been positively related to 
enhancing health practices in pregnancy,349 particularly exercise and 
nutrition.350 However, unintentional negative influences of social support are 
also possible.351 
There was no difference observed in perceived social support for physical 
activity between healthy and overweight women, however, overweight 
women reported lower social support for healthy eating and weight control. 
There is little research examining the differences in perceived social support 
according to pre-pregnancy weight status. In a small, qualitative study with 
non-pregnant, low income women, those who were overweight reported that 
husbands/partners or family members interfered with efforts to prepare 
healthy meals, refusing to eat the healthier foods.352 It is plausible that during 
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pregnancy greater dietary changes may be required for overweight women to 
engage in healthy eating practices and these changes may be met with 
resistance from family members unwilling to modify their diet. 
It has been suggested that behaviours with a social component, such as 
eating with a family, may be more open to influences of family and friends 
than tasks that may be performed alone, such as physical activity.351 The 
notion that physical activity is an additional task to undertake each day, which 
may require the support of others, is unlikely to be different according to pre-
pregnancy weight status. In contrast, eating is not optional, but what is eaten 
may differ and rely more heavily on the support of others. Supporting women 
to manage a lack of perceived support for healthy behaviours in pregnancy 
may be an important intervention component. 
The relationship of social support and dietary behaviour will be explored 
further in the discussion relating to factors associated with health behaviours. 
6.3.2.2 Enabling factors 
Enabling factors are those precursors to behaviour that enable a motivation 
or intention to be realised.17 Barriers are factors that have the potential to 
impede the process of behaviour change, either directly or indirectly,17 and 
were classified as enabling factors in the New Beginnings study. The 
domains examined in the barriers to the healthy eating scale were cost, taste, 
convenience and information. For the barriers to physical activity scale, the 
aspects of time, physical discomfort and information were assessed. 
In line with expectations, the results reported here indicated that barriers to 
both healthy eating and physical activity were higher in overweight than 
healthy weight women. Direct comparison of these weight group differences 
in pregnancy with other studies is not possible, due to a lack of literature. 
However, a small body of research exists with post-partum women that 
examines the barriers to healthy eating in different weight status groups. Two 
US studies, one quantitative180 and another qualitative,352 have reported 
variability in the perceived barriers associated with healthy eating according 
to weight status. In a study of 206 post-partum women, those who were 
obese (n=68) at one year post-partum had significantly higher scores for 
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perceived barriers to healthy eating, at 1.5 and six months post-partum, than 
healthy (n=83) or pre-obese women(n=55).180 At one year post partum, cost 
was a greater barrier for obese than pre-obese women.180 Similarly, in the 
smaller, qualitative study, the price of healthy food was felt to be a major 
barrier to healthy eating in the post-partum period for pre-obese and obese 
mothers.352 While cost was a barrier assessed in the New Beginnings, the 
creation of an average barrier score may have reduced the ability to detect 
which barriers were important for overweight women. However, broadly, the 
New Beginnings results appear to be consistent. 
Overweight women report higher barriers to healthy eating and physical 
activity during pregnancy and are likely to need greater support to manage 
and overcome those modifiable barriers than healthy weight women. 
6.3.2.3 Summary of reinforcing and enabling factors comparison 
Reinforcing factors encourage or discourage a behaviour to continue and 
enabling factors make it possible to change a wanted behaviour.17 Generally, 
overweight women reported lower social support and experienced higher 
barriers to the desired behaviours than healthy weight women. Combined, 
these factors indicate that overweight women are likely to face greater 
difficulty in achieving desired behaviours and, if they manage to initiate a 
behaviour, would get less encouragement, or may be discouraged, to 
continue. Some barriers that overweight women experience may be 
unmodifiable from a health service context. However, providing strategies to 
overcome modifiable barriers and better manage a lack of social support are 
likely to assist overweight women to engage in desired behaviours. Such 
strategies may include addressing conflicting nutrition information,353 
enhancing food preparation skills354 and identifying healthy options that are 
suitable to women’s taste preferences and time availability.354 
6.3.3 Psychosocial Factors Contributing to Health Behaviours 
This is one of the first studies to demonstrate that psychosocial factors were 
differentially associated with healthy eating and physical activity according to 
pre-pregnancy weight status. Predisposing factors were associated with both 
healthy eating and physical activity in healthy and overweight women, 
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however, for reinforcing and enabling factors, variable relationships, 
according to the behaviour and weight groups, were observed. 
6.3.3.1 Predisposing factors 
At 16 weeks gestation, after accounting for covariates (age, smoking status, 
country of birth, parity and education), predisposing factors were positively 
associated with dietary quality (measured by the total FFBQ score) and 
accounted for more variance than reinforcing and enabling factors. 
For healthy weight women, intentions for healthy eating, intentions for GWG, 
self efficacy for healthy eating and GWG knowledge were all positively 
associated with dietary quality. For overweight women, self efficacy for 
healthy eating was the only predisposing factor to significantly contribute to 
the variance in diet quality. 
Similarly, predisposing factors accounted for most of the variance in physical 
activity at 16 weeks (measured by total minutes), compared to reinforcing 
and enabling factors, after accounting for covariates. While self efficacy was 
positively associated with physical activity in both weight groups, intentions 
showed a positive relationship only in healthy weight women. 
A US study by Chang et al (2005) identified different predictors of fat intake 
between healthy weight (n=180) and obese (n=401), low income mothers.179 
Predisposing factors were not associated with behaviour in either group, but 
reinforcing factors were associated with behaviour in both groups.179 While 
these results initially appear contrary to the findings from the New Beginnings 
study, comparison of variables classified under each category reveals 
marked similarities in terms of association at the level of constructs (rather 
than overall factors). Predisposing factors in the Chang et al (2005) study 
were related to beliefs and health concerns, while the reinforcing factors 
considered were intentions for weight control, sensory appeal and mood.179 
Intentions were identified in the Chang et al (2005) study as important for 
both groups, which is in contrast to the findings of the New Beginnings study. 
Both healthy and overweight women had similar intentions scores for healthy 
eating and physical activity, however, these intentions were only positively 
associated with the actual behaviours in healthy weight women. The ‘gap’ 
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between intentions and behaviours has been debated in the literature.154 It 
has been suggested that, for a person to realise their intention, they must 
have control over the behaviour.355 Control factors include ability, resources, 
opportunity, availability and co-operation to carry out the behaviour.355 The 
life circumstances and previous experiences with energy balance behaviours 
may lead overweight women to be feel that they lack control over their 
behaviour and they may be influenced more strongly by post-motivational 
factors. These post-motivational factors may include exposure to 
unsupportive environments and/or a lack of confidence and ability to 
overcome the challenges faced, therefore, achieving intentions may be more 
difficult. Self efficacy is a key aspect of this post-motivational process. 
Self efficacy, as measured in the New Beginnings study, could be 
categorised as either predisposing or reinforcing according to PRECEDE-
PROCEED model definitions. To reflect this task, self efficacy (predisposing) 
and coping self efficacy (reinforcing) were intended to be included to reflect 
these different characteristics. In the interest of data reduction, these 
measures were combined to create one self efficacy variable for eating and 
one for physical activity. These variables were retained as a predisposing 
factor to reflect the theoretical relationship with behaviours. 
For both healthy and overweight women, self efficacy was consistently, 
positively associated with both diet quality and physical activity, making the 
largest contribution of any psychosocial factor to both of these behaviours. 
Self efficacy reflects an individual’s confidence in their capacity to undertake 
a certain behaviour and is thought to be specific to a particular behaviour, 
rather than being general in nature.345 Outside of pregnancy, self efficacy has 
been consistently associated with dietary behaviours178 ,346 ,356-358 and 
physical activity.359 ,360 
Unfortunately, there have been no studies examining self efficacy for healthy 
eating and dietary behaviours in pregnancy. It is unlikely that the relationship 
between self efficacy and dietary behaviours would be any different during 
pregnancy than in non-pregnant women. A study of 201 mothers observed 
that those in the lowest tertile for healthy eating self efficacy had the highest 
BMIs and lowest intake of fruit and vegetables.178 
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Two north American (n=160185 and n=62290) studies have observed a 
positive relationship between self efficacy, physical activity in pregnancy185,90 
and increased activity on becoming pregnant.90 This latter study suggests 
that physical activity self efficacy may be important in attenuating the 
pregnancy-related reduction in physical activity.90 
While predisposing factors demonstrated consistent associations with both 
behaviours for healthy and overweight women, self efficacy was the only 
construct to be positively associated with healthy eating and physical activity 
in both weight groups. Intentions were associated with both behaviours, but 
only for healthy weight women. 
6.3.3.2 Reinforcing and enabling factors 
There were differential associations between reinforcing and enabling factors 
between behaviours and weight status groups. 
No reinforcing or enabling factors were associated with physical activity for 
either healthy or overweight women. The measurement error associated with 
self reported physical activity cannot be excluded as a potential explanation 
for the lack of significant associations between reinforcing and enabling 
factors and physical activity. This is discussed further in Chapter 8 relating to 
study limitations.  
In healthy weight women, only reinforcing factors were associated with diet 
quality. Social support for GWG was positively associated, whereas social 
support for healthy eating unexpectedly had a negative association with 
dietary quality. For overweight women, only the enabling factor of barriers to 
healthy eating had an association in the negative direction with diet quality. 
Social support, either perceived or received, can be emotional, tangible, 
informational advice or appraising.361 Previous research has consistently 
demonstrated a positive relationship between dietary behaviour and social 
support.350 ,357 ,358 However, other research has reported indirect effects of 
social support on diet362 and physical activity359 behaviours, where no direct 
association was observed. It is unclear why, in New Beginnings healthy 
weight women, lower social support was associated with higher diet quality. It 
is plausible that these women may have a greater confidence to prepare 
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separate meals, where necessary, or to resist the temptation of offers of 
unhealthy foods, in order to meet their nutritional goals. 
In the New Beginnings study, a higher barriers to healthy eating score was 
associated with a lower diet quality in overweight women only. This was the 
only association for enabling factors. These results are consistent with 
previous research exploring predictors of fat intake behaviours for healthy 
weight (n=175) and obese (n=401) mothers.179 Enabling factors relating to 
cost, time for food preparation and accessibility to food were associated with 
fat intake behaviours in obese, but not healthy weight mothers.179 In the New 
Beginnings study, barriers to healthy eating included costing too much, taking 
too much time, not liking healthy foods, and needing more advice and 
information. Targeting advice and support about low cost, quickly prepared, 
healthy options that align with taste preferences, and providing practical 
information to achieve this, for overweight women may lead to an improved 
diet quality. 
These results indicate that healthy weight women’s eating behaviours may 
be more influenced by reinforcing factors, whereas, for overweight women, 
enabling factors are stronger influencers. Furthermore, there may be a 
complex relationship between reinforcing and enabling factors for physical 
activity in pregnancy, as no association was identified for either weight group. 
6.3.4 Summary 
In summary, this chapter has demonstrated that there are differences 
between healthy and overweight women for many predisposing, reinforcing 
and enabling factors for healthy eating, physical activity and GWG control. In 
particular, many constructs with a negative association with behavioural 
outcomes were higher in overweight women, while those with a positive 
association were lower when compared to healthy weight women. 
These results indicate that predisposing factors are important determinants of 
eating and physical activity behaviours. Moreover, the relative importance of 
different predisposing factors appears to vary according to weight status. 
Reinforcing and enabling factors did not appear to influence physical activity 
and had a differential contribution according to weight status for dietary 
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quality. These results have important, practical implications for those 
behavioural interventions aiming to target behaviour change in pregnant 
women. It is unlikely that a standard intervention to address eating and 
physical activity behaviours for healthy and overweight women would be 
effective. 
Important psychosocial constructs to consider for intervention, which are 
identified in this chapter, include predisposing factors of risk perception, 
intentions, self efficacy, GWG knowledge, reinforcing factors of social support 
and enabling factors of barriers. 
There are interrelationships within predisposing factors, between these and 
the reinforcing and enabling factors, that require consideration in intervention 
mapping.17 While some constructs may be amenable to change, others may 
not, particularly in the context of health service delivery. This intervention 
mapping, setting priorities and implementation is an important step in the 
latter phases of the PRECEDE-PROCEED model17. This is explored in 
Chapter 8 of this thesis. 
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Chapter 7: Maternal Weight Domain 
7.1 OVERVIEW 
This chapter will provide results relating to maternal weight gain in 
pregnancy. A substantial portion of this chapter has been published online in 
the Australian and New Zealand Journal of Obstetrics and Gynaecology in a 
manuscript entitled ‘A prospective study of pregnancy weight gain in 
Australian women’ (see Appendix A on page 287). 
The specific research questions addressed in this chapter include: 
1. What is the prevalence of excess gestational weight gain in pregnant 
women presenting for antenatal care at a Queensland tertiary hospital? 
2. What is the prevalence of excess gestational weight gain (>16kg for 
healthy weight and >11.5kg for pre-obese or >9kg for obese) in 
pregnant women according to maternal pre-pregnancy weight status? 
3. What is women’s knowledge relating to gestational weight gain in 
pregnancy? 
4. What advice and support relating to gestational weight gain do women 
report that health professionals are providing? 
5. What early pregnancy (<20 weeks gestation) predisposing, reinforcing 
and enabling factors predict excess gestational weight gain at 36 
weeks? 
7.1.1 Overview of Methods 
The Institute of Medicine recommendations for gestational weight gain were 
used to define excess gestational weight gain.6 
Predisposing factors assessed in this study were intentions, risk perception, 
self efficacy, weight locus of control, and positive and negative outcome 
expectations. Reinforcing factors included social support and enabling 
factors, including barriers. These factors were measured for healthy eating, 
physical activity and gestational weight gain. For further details on the 
measurement of these constructs please see Table 3.3 on page 128. 
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To address to first three questions in this chapter, summary statistics were 
used. The differences between groups for were assessed using chi-squares 
for categorical variables and independent sample t-tests for continuous 
variables. 
Logistic regression was used for multivariate modelling. There were no 
bivariate associations between continuous variables of dietary quality and 
minutes of physical activity with excess GWG. However, categorical proxy 
measures of change in energy balance did show positive associations. To 
determine the associations with the reported change in the amount of food, 
and the amount of physical activity associated with pregnancy, logistic 
regression was undertaken with each variable dichotomised. Details of the 
modelling steps are reported immediately preceding the results of this 
analysis. 
There were numerous predisposing, reinforcing and enabling constructs to 
explore to ascertain the associations with excess GWG. To reduce the 
number of variables in the multivariate modelling, a total score for each 
construct was created by adding those constructs within each outcome 
(healthy eating, physical activity and GWG control) that significantly 
correlated above 0.2 (see section 3.6.4, page 138 of the Methodology 
chapter). These total scores for intentions, self efficacy, positive outcome 
expectations, negative outcome expectations, social support and barriers 
were entered into multivariable models and adjusted for covariates to predict 
the dichotomised GWG category (not excess vs excess). Details of the steps 
in modelling are reported immediately preceding the results of this analysis. 
Interpretation of these findings and implications for health care follows at the 
end of this chapter. 
7.2 RESULTS 
7.2.1 Gestational Weight Gain 
Table 7.1 outlines the anthropometric characteristics and gestational weight 
gain of the cohort by WHO pre-pregnancy weight status category.21 At the 
baseline visit (approx 16 weeks), 8% had already reached their 
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recommended weight gain for the entire pregnancy and a further 2% had 
exceeded their recommended gain. 
Table 7.1 Anthropometric measures and gestational weight gain (GWG) according 
to the pre-pregnancy weight status‡ of participants (n=664) [Mean + s.d. 
(range) or percentage (count)] 
Characteristic Underweight*a 
n=39 (5.9%) 
Healthy weight*a 
n=403 (60.7%) 
Pre-obese*a 
n=141 (21.2%) 
Obese*a 
n=81 (12.2%) 
Pre-pregnancy  BMIa 17.6 + 0.9 
(14.9-18.5) 
21.8 + 1.7 
(18.5-24.9) 
26.9 + 1.3 
(25.0-29.9) 
35.2 + 4.3 
(30.0-47.9) 
Weight gain at <20 
weeks gestationb 
5.2 + 3.3 
(0.0-12.0) 
4.3 + 3.7 
(-5.0-22.0) 
3.9 + 4.1 
(-7.5-21.2) 
1.8 + 5.2 
(-11.0-14.0) 
Measured weight gain 
~16-36 weeks gestation 
(kg) 
9.9 + 3.5 
(4.0-20.1) 
10.0 + 4.2 
(-2.6-23.6) 
9.9 + 5.7 
(-7.6-25.5) 
6.1 + 6.5 
(-12.0-20.2) 
Total GWG at about 36b 
weeks gestation (kg) 
[n=543] 
14.3 + 4.3 
(7.5-23.0) 
[n=27] 
14.2 + 5.3 
(-4.0-38.4) 
[n=338] 
13.8 + 6.8 
(-3.0-35.6) 
[n=116] 
7.5 + 8.7 
(-10.6-24.0) 
[n=62] 
Inadequate GWGc 40.7% (11) 26.9% (91) 11.2% (13) 41.9% (26) 
Appropriate GWGc 40.7% (11) 42.3% (143) 26.7% (31) 14.5% (9) 
Excess GWGc 18.5% (5) 30.8% (104) 62.1% (72) 43.5% (27) 
*underweight, pre-pregnancy body mass index (BMI) <18.5kg/m2; healthy weight pre-pregnancy BMI 18.5-
24.9kg/m2; pre-obese pre-pregnancy BMI 25.0-29.9 kg/m2; obese pre-pregnancy >30kg/m2; ‡World Health 
Organisation weight status categories21; ameasured height and self reported pre-pregnancy weight; bmeasured 
weight; cinadequate GWG defined by lower limit, appropriate GWG within range and excess GWG above upper 
limit of Institute of Medicine guidelines for each weight category (underweight 12.5-18kg, healthy weight 11.5-16 kg, 
pre-obese 7-11.5 kg and obese 5-9kg)6. 
 
Table 7.2 presents the anthropometric and GWG characteristics of the whole 
sample, and healthy weight and overweight groups constructed for 
examination, throughout this thesis for analysis. Based on pre-pregnancy 
BMI, underweight and healthy weights were combined (healthy weight) and 
pre-obese and obese were combined (overweight). 
The total GWG was strongly correlated with first trimester weight gain 
(r=0.637, p<0.001). Excess GWG was more common amongst overweight 
women (56%), compared healthy weight women (30%) (x2=58.252, df 1, 
p <0.001). Pre-obese participants (shown separately in Table 7.1) had the 
highest prevalence of excess GWG at 62% and the lowest prevalence of 
inadequate GWG (11%). 
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Table 7.2 Anthropometric measures and gestational weight gain (GWG) for the 
study cohort, healthy weight* and overweight+ participants [Mean + s.d. 
(range) or percentage (count)] 
Characteristic New Beginnings whole 
sample 
Healthy weight* Overweight+ 
Pre-pregnancy  BMIa 
(n=664) 
24.3 + 5.2 
(14.9-47.9) 
21.5 + 2.0 
(14.9-24.9) 
29.9 + 4.9 
(25.0-47.9) 
Weight gain at <20 weeks 
gestationb (kg) (n=662) 
4.0 + 4.1 
(-11.0-22.0) 
4.4 + 3.7 
(-5.0-22.0) 
3.1 + 4.6 
(-11.0-21.2) 
Measured weight gain 
~16-36 weeks gestation 
(kg) (n=550) 
9.5 + 5.0 
(-12.0-25.5) 
10.0 + 4.1 
(-2.6-23.6) 
8.59 + 6.2 
(-12.0-25.5) 
Total GWG at about 36b 
weeks gestation (kg) 
(n=543) 
13.4 + 6.6 
(-10.6-38.4) 
[n=543] 
14.2 + 5.3 
(-4.0-38.4) 
[n=365] 
11.6 + 8.1 
(-10.6-35.6) 
[n=178] 
Inadequate GWGc 26% (141) 28% (102) 22%(39) 
Appropriate GWGc 36% (194) 42% (154) 22% (40) 
Excess GWGc 38% (208) 30% (109) 56% (99) 
*healthy weight, pre-pregnancy body mass index <25kg/m2; +overweight, pre-pregnancy body mass index 
>25kg/m2; ameasured height and self reported pre-pregnancy weight; bmeasured weight; cInadequate GWG 
defined by lower limit, appropriate GWG within range and excess GWG above upper limit of Institute of Medicine 
guidelines for each weight category (underweight 12.5-18kg, healthy weight 11.5-16 kg , pre-obese 7-11.5 kg and 
obese 5-9kg)6. 
 
7.2.2 Weight Gain Knowledge 
Six percent of participants achieved the maximum weight gain knowledge 
score of five. The mean score was lower for overweight women (1.8 + 1.3 vs 
2.1 + 1.4, t=2.484, df 579, p=0.013). The proportion of participants with 
correct responses to the five knowledge items ranged from 30-50%. 
At about 16 weeks, half of the women (47%) were unsure and a third (34%) 
could correctly identify their recommended weight gain. Those who were 
overweight prior to pregnancy were less likely to correctly identify their 
recommended weight gain than healthy weight women (19% vs 41%, 
x2=27.337, df 1, p<0.001). There were no other differences between pre-
pregnancy weight status groups for knowledge items. As shown in Table 7.3, 
women’s reports of the ranges for their recommended weight gain were 
inaccurate at both the lower and upper ends of the ranges for all categories. 
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Table 7.3 Institute of Medicine (IOM)6 recommended weight gain ranges for body 
mass index (BMI) categories* and participant reported ranges 
 Underweighta
n=39 
Healthy weightb
n=403 
Pre-obesec
n=141 
Obesed 
n=81 
IOM weight gain 
recommendations (kg) 
12.5-18.0 11.5-16.0 7.0-11.5 5.0-9.0 
Participant’s self reported 
recommended weight gain (kg) 
7-18 0-22 2-25 0-16 
*based on measured height at 16 weeks and self reported pre-pregnancy weight; aunderweight=BMI <18.5kg/m2; 
bhealthy weight=BMI 18.5-24.9kg/m2; cpre-obese=BMI 25.0-29.9kg/m2; dobese=BMI > 30.0kg/m2. 
 
7.2.3 Health Professional Support 
At baseline, 62-76% of women reported that the health professionals caring 
for them during this pregnancy ‘never’ or ‘rarely’ encouraged them to 
regularly weigh themselves, offered advice about how much weight to gain or 
offered advice on how to gain the right amount of weight (Table 7.4). When 
re-assessed at 36 weeks the prevalence of women reporting ‘never’ or 
‘rarely’ being provided this advice was worse for all items (Table 7.4). 
Table 7.4 New Beginnings study women reporting never/rarely being provided with 
health professional advice relating to appropriate weight management 
early and later in pregnancy [percentage (count)] 
Health professional support item Baseline 
(n=575) Never/Rarely 
Time 2 (36 weeks gestation) 
(n=492) Never/Rarely 
The health care professionals who have cared for me since I became pregnant ... 
encourage me to weight myself regularly 76 (434) 89 (439) 
check how much weight I have gained 41 (239) 65 (318) 
offer advice about how much weight I should 
gain in my pregnancy 
62 (354) 74 (365) 
offer me advice about how to gain the right 
amount of weight in my pregnancy 
72 (411) 84 (411) 
 
7.2.4 Psychosocial Factors Contributing to Energy Balance 
In Chapter 5 (section 5.2.3, page 151), participants’ dietary and physical 
activity behaviours were reported. Included in the results of Chapter 5 was 
the reported change in the amount of physical activity and food consumed 
associated with pregnancy reported at about 16 weeks gestation. The 
change in the amount of food and physical activity were proxy measures for 
change in energy intake and energy expenditure associated with pregnancy. 
Refer to Table 3.3 on page 130 for more detail. Here, psychosocial factors 
associated with these changes are explored. 
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7.2.4.1 Perceived change in amount of food 
Perceived change in the amount of food eaten since commencing pregnancy 
was assessed on a five point scale at 16 weeks gestation. This variable was 
dichotomised for the logistic regression modelling. Due to the potential risk 
associated with eating ‘a lot more food’ and excess GWG, this response was 
compared to ‘a little more’, ‘no change’ or ‘less food’. To examine the extent 
to which psychosocial factors were associated with this change, hierarchical, 
logistic regression modelling was undertaken. To assess the independent 
contribution of psychosocial factors, demographic predictors of change in 
food intake were entered first. Psychosocial variables were then entered. 
Variables selected for inclusion were those showing a bivariate association 
with the outcome variable (p <0.10). For a change in amount of food, only 
weight gain knowledge was associated and was entered at Step 2. The 
model tested was stratified for pre-pregnancy weight status of healthy weight 
and overweight, and continuous pre-pregnancy BMI was removed as a 
covariate. The model results were not substantially different, did not identify 
any further significant predictors of perceived food consumption category, 
and remained significant for both groups. The model for the whole cohort is, 
therefore, presented. 
Table 7.5 outlines the logistic regression model for the whole cohort, which 
explains between 3.8% (Cox and Snell R2) and 7.1% (Nagelkerke R2) of the 
variance in change in the amount of food consumed since pregnancy began. 
The perception of eating ‘a lot more food’ compared to ‘a little more’, ‘no 
change’ or ‘less food’ was associated with weight gain knowledge and pre-
pregnancy BMI. A higher weight gain knowledge and a higher pre-pregnancy 
BMI were associated with having lower odds of reporting the consumption of 
‘a lot more’ food since becoming pregnant. The full model in Table 7.5 
correctly predicted that 88% of women reporting eating ‘a lot more food’. 
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Table 7.5 Hierarchical, logistic regression for perceived amount of food consumed 
(‘a lot more’) since the beginning of pregnancy, reported at 16 weeks 
gestation for whole New Beginnings sample (n=570) 
MODEL Predictor β S.E. β Wald 
statistic 
p OR [95%CI] 
Step1 Age in years 0.02 0.03 0.60 0.437 1.02 [0.97-1.07] 
 Smoking (non vs smoker) -0.38 0.46 0.68 0.409 0.69 [0.28-1.68] 
 Country of birth (Australia 
vs other) 
-0.32 0.28 1.36 0.243 0.72 [0.42-1.25] 
 Parity (nulliparous/primi or 
multiparious 
0.03 0.28 0.01 0.917 1.03 [0.60-1.77] 
 Education (<university/ 
university) 
0.46 0.29 2.62 0.106 1.59 [0.90-2.79] 
 Pre-pregnancy BMI in 
kg/m2 
-0.09 0.03 7.98 0.005 0.91 [0.85-0.97] 
Step 2+ Weight gain knowledge -0.28 0.10 7.49 0.006 0.76 [0.62-0.92] 
+Omnibus tests of model coefficients: model chi-square 21.81, p=0.003; variance 3.8% (Cox & Snell R2) and 7.1% 
(Nagelkerke R2) 
 
7.2.4.2 Perceived change in amount of physical activity 
Perceived change in the amount of physical activity since becoming pregnant 
was assessed at 16 weeks gestation on a five point scale. The association 
between doing ‘a lot less’ physical activity compared to ‘a little less’, ‘no 
change’ or ‘more’ was assessed using hierarchical, logistic regression 
modelling. The steps for identifying and entering variables were the same as 
the models for change in the amount of food. 
Table 7.6 provides details of the logistic regression model examining the 
change to the amount of physical activity reported by women since becoming 
pregnant. Step 2 demonstrates the addition of the associated psychosocial 
variables with the outcome of bivariate analysis (p <0.10). Having already 
had a baby was associated with reporting ‘a lot less’ physical activity (OR 
2.12 [1.36-3.30]), and the strongest contributor to the model. Being older, 
having a high score for barriers to physical activity and higher weight gain 
knowledge were also associated with reporting ‘a lot less’ physical activity. 
The full model explains between 6.3% (Cox and Snell R2) and 9.5% 
(Nagelkerke R2) of the variance in the reported change in amount of physical 
activity, correctly predicting a woman reporting ‘a lot less’ physical activity vs 
‘a little less’, ‘no change’ or a ‘more’ physical activity in 76% of cases. Weight 
locus of control, self risk perception and risk associated with excess GWG 
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were all associated at the bivariate level, however, they did not significantly 
increase the predictive power and have not been reported in the table. 
Table 7.6 Hierarchical, logistic regression for perceived amount of physical activity 
(‘a lot less’) since the beginning of pregnancy, reported at 16 weeks 
gestation for whole New Beginnings sample (n=570) 
MODEL Predictor β S.E. β Wald 
statistic 
p OR [95%CI] 
Step 1 Age in years 0.06 0.02 7.18 0.007 1.06 [1.02-1.10] 
 Smoking (non vs smoker) 0.77 0.50 2.33 0.127 2.16 [0.80-5.78] 
 Country of birth (Australia 
vs other) 
-0.20 0.22 0.81 0.367 0.82 [0.53-1.27] 
 Parity (nulliparous/primi 
or multiparious  
0.75 0.23 10.90 0.001 2.12 [1.36-3.30] 
 Education (<university/ 
university) 
0.27 0.22 1.57 0.210 1.31 [0.86-2.01] 
 Pre-pregnancy BMI in kg/m2 0.00 0.02 0.01 0.945 1.00 [0.96-1.04] 
Step 2+ Intentions for physical 
activity 
-0.12 0.11 1.22 0.270 0.89 [0.72-1.10 
 Barriers to physical 
activity 
0.36 0.17 4.46 0.035 1.43 [1.03-2.00] 
 Weight gain knowledge 0.19 0.07 6.68 0.010 1.21 [1.05-1.40] 
+Omnibus tests of model coefficients: model chi-square 37.16, p <0.001; variance 6.3% (Cox & Snell R2) and 9.5% 
(Nagelkerke R2). 
 
Models 1 and 2 in Table 7.6 were stratified for pre-pregnancy weight status. 
The associated variables were the same for healthy weight women and the 
whole sample. The model remained significant (model chi-squared 33.32, p 
<0.001) explaining between 8.4% (Cox and Snell R2) and 12.6% (Nagelkerke 
R2) of the variance in change to the amount of physical activity reported for 
healthy weight women. For overweight women, neither steps in the model 
was significant (full model chi-squared 10.54, p=0.308). 
7.2.5 Predicting Gestational Weight Gain 
7.2.5.1 Variables and analysis 
Gestational weight gain was categorised as ‘not excess’ and ‘excess’ based 
on the difference between self-report pre-pregnancy weight and measured 
weight at 36 weeks gestation using IOM guidelines.6 Logistic regression 
modelling was used to identify predictors of excess GWG. 
The primary aim was to identify the independent contribution of psychosocial 
constructs, therefore, demographic, pregnancy and energy balance variables 
were entered together in the first step. This first step of the model is shown in 
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Table 7.7. To account for potential increase in GWG not related to lifestyle 
behaviours, the presence of a complication likely to impact on GWG (having 
gestational diabetes mellitus, documented oedema or being advised to 
restrict physical activity) was dichotomised (‘yes’ or ‘no’). Proxy measures for 
energy balance were dichotomised as ‘no change in food intake or eating 
less’ vs ‘a little’ or ‘a lot more food’, and ‘a little less’, ‘no change’ or ‘more 
physical activity’ vs ‘a lot less’. There were insufficient cases to allow food 
intake to be dichotomised as ‘a lot more’ compared to ‘a little more’, ‘no 
change’ or ‘less’, therefore, ‘a little’ and ‘a lot more’ food responses were 
combined. Age, country of birth and education were not associated with ‘not 
excess’ or ‘excess’ GWG and were, therefore, not included in multivariable, 
logistic regression modelling. Pre-pregnancy BMI, as a continuous variable, 
was included in the model, despite the results being stratified for healthy and 
overweight status to account for the influence of an individual’s BMI on GWG 
within each weight status category.6 
Composite scores for psychosocial constructs were created by summing the 
healthy eating, physical activity and gestational weight gain scales for each 
construct. Composite scores were created for total intentions, self efficacy, 
positive outcome expectations, negative outcome expectations, social 
support and barriers. The detailed description of this calculation was outlined 
in the Methodology Chapter (section 3.6.4, page 138). Significant correlations 
between each of the individual’s healthy eating, physical activity and GWG 
psychosocial constructs are presented in Appendix K page 369. In the 
second step of the logistic regression modelling, the composite psychosocial 
construct was entered. These were entered individually to ensure 
maintenance of an appropriate variable to case ratio for both the healthy 
weight and overweight models. 
7.2.5.2 Results 
As shown in Table 7.7, between 7.3% (Cox and Snell R2) and 10.5% 
(Nagelkerke R2) (model p=0.002) of the variance in GWG category for 
healthy weight women was attributed to demographic, pregnancy and energy 
balance variables. For overweight women, much higher amount of variance 
in GWG category was attributed to these variables with between 15.7% (Cox 
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and Snell R2) and 21.1% (Nagelkerke R2) (model p=0.001) of the variance 
accounted for by these covariates. For healthy weight women, being a 
smoker and having a higher BMI were associated with excess GWG. For 
overweight women, being a smoker, a first time mother and those reporting 
eating more food at 16 weeks were at risk of excess GWG, as were those 
who presented relatively late for their 36 weeks appointment (as indicated by 
the variable, having their weight measured later in pregnancy). Being a 
smoker provided the largest contribution with the highest beta values for both 
healthy and overweight women. However, the confidence intervals were 
wide. 
Table 7.7 Pregnancy, demographic and energy balance variables associated with 
not excess vs excess GWGx in healthy and overweight women (Step 1 of 
logistic regression modelling) 
 Healthy weight*a‡ (n=294) Overweight+a†(n=149) 
Variable OR [95%CI] β p value OR [95%CI] β p value 
Pregnancy complication (no 
complication vs 1 or more 
complications)# 
0.8 [0.5-1.6] -0.133 0.662 1.6 [0.7-3.5] 0.478 0.234 
Pre-pregnancy BMI in 
kg/m2 
1.2 [1.1-1.4] 0.198 0.008 0.9 [0.9-1.0] -0.053 0.224 
Parity (nulliparous vs primi or 
multiparous) 
0.6 [0.4-1.1] -0.478 0.096 0.3 [0.2-0.7] -1.128 0.004 
Weeks gestation at late 
pregnancy weight 
1.1 [0.9-1.5] 0.139 0.277 0.7 [0.5-1.0] -0.342 0.045 
Smoking (non-smoker vs 
smoker) 
3.4 [1.3-9.5] 1.227 0.016 4.2 [1.1-16.7] 1.44 0.040 
∆ in food intake (no ∆ or less 
vs a little or a lot more) 
1.6 [0.9-2.9] 0.467 0.128 2.4 [1.1-5.1] 0.872 0.024 
∆ in PA (a little more, no ∆ or 
a little less vs a lot less) 
1.6 [0.9-3.0] 0.500 0.103 1.8 [0.7-4.3] 0.564 0.217 
*healthy weight, pre-pregnancy body mass index <25kg/m2; +overweight, pre-pregnancy body mass index 
>25kg/m2; ameasured height and self reported pre-pregnancy weight; #diagnosed with gestational diabetes, 
oedema, or advised to restrict physical activity; PA=physical activity; ∆=change; ‡ model chi- square 22.578, df 7, 
p=.002, variance 7.3% (Cox & Snell R2) and 10.5% (Nagelkerke R2); † Model Chi- square 25.518, df 7, p=.001, 
15.7% (Cox & Snell R2) and 21.1% (Nagelkerke R2); xexcess GWG defined as above upper limit and not excess 
defined as with and below Institute of Medicine guidelines for each weight category (underweight 12.5-18kg, healthy 
weight 11.5-16 kg, pre-obese 7-11.5 kg and obese 5-9kg). 
 
Composite psychosocial constructs were tested individually for an 
association with GWG before and after controlling for the pregnancy, 
demographic and energy balance variables (listed in Table 7.7). The bivariate 
and adjusted odds ratios (OR) are presented in Table 7.8. For healthy weight 
women, before controlling for covariates, the combined risk perception for 
pre-pregnancy weight and self was positively associated with excess GWG. 
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However, when the covariates were entered into the model, this association 
was no longer significant. Weight locus of control (WLOC) was negatively 
associated with excess GWG in both the unadjusted and adjusted models. 
This suggests that those healthy weight women who believed that their 
weight was able to be controlled by their own behaviour were less likely to 
gain excess weight. This was the only psychosocial variable significantly 
predictive of excess GWG in healthy weight women, after adjusting for 
covariates. The full model, including WLOC and covariates, accounted for 
between 9.5% (Cox and Snell R2) and 13.7% (Nagelkerke R2) of the variance 
in excess GWG. 
For overweight women, there were no composite, psychosocial constructs 
significantly associated with excess GWG in the unadjusted models. After 
adjusting for covariates, having higher, negative outcome expectations was 
associated with excess GWG for overweight women. In this model, between 
18.9% (Cox and Snell R2) and 25.3% (Nagelkerke R2) of the variance in 
excess GWG was accounted for. Controlling of the covariates strengthened 
relationships between excess GWG and all psychosocial variables (except 
risk perception). The full models for each composite psychosocial construct 
are presented in Appendix L. 
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Table 7.8 Unadjusted and adjusted odds ratios (OR) for composite psychosocial constructs explaining not excess gestational weight gain (GWG) 
and excess GWGx for healthy and overweight women, using binary logistic regression 
 Healthy weight*a (n=294) Overweight+a (n=149) 
 Raw Adjustedb Raw Adjustedb 
Variable OR [95%CI] p value OR [95%CI] β p value 
Full model 
OR [95%CI] p value OR [95%CI] β p value 
Full model 
R2# p value R2# p value 
Predisposing factors 
Total intentions‡ 1.0 [0.9-1.1] 0.936 1.0 [0.9-1.1] -0.014 0.786 0.074-0.105 0.004 0.9 [0.8-1.1] 0.302 0.9 [0.7-1.0] -0.137 0.093 0.174-0.233 <0.001 
Risk perception pre-
pregnancy weight 
+selfx 
1.4 [1.1-1.7] 0.001 1.2 [1.0-1.6] 0.217 0.065 0.084-0.120 0.001 0.9 [0.8-1.1] 0.225 1.0 [0.8-1.2] -0.002 0.982 0.157-0.211 0.001 
Risk perception 
GWGe 
0.9 [0.8-1.1] 0.228 0.8 [0.7-1.0] -0.168 0.119 0.081-0.116 0.002 1.0 [0.8-1.2] 0.826 1.1 [0.8-1.4] 0.071 0.624 0.159-0.213 0.001 
Total self efficacy‡ 1.0 [0.8-1.2] 0.865 1.0 [0.8-1.3] 0.042 0.709 0.074-0.105 0.004 1.0 [0.8-1.3] 0.942 1.0 [0.7-1.3] -0.032 0.826 0.158-0.211 0.001 
WLOC301 0.6 [0.4-0.9] 0.008 0.6 [0.4-0.9] -0.488 0.021 0.095-0.137 <0.001 1.0 [0.6-1.6] 0.997 1.1 [0.6-1.8] 0.063 0.821 0.158-0.211 0.001 
Total positive 
outcome 
expectations‡ 
0.9 [0.7-1.1] 0.296 0.8 [0.6-1.0] -0.213 0.092 0.082-0.118 0.001 1.0 [0.7-1.3] 0.801 0.9 [0.6-1.2] -0.122 0.480 0.160-0.215 0.001 
Total negative 
outcome 
expectations‡  
1.1 [0.9-1.3] 0.535 1.2 [1.0-1.4] 0.150 0.139 0.080-0.115 0.002 1.2 [0.9-1.5] 0.223 1.5 [1.1-2.0] 0.380 0.022 0.189-0.253 <0.001 
Reinforcing factors 
Total social support‡ 1.0 [0.9-1.2] 0.430 1.1 [0.9-1.2] 0.062 0.422 0.075-0.108 0.003 0.9 [0.8-1.1] 0.441 0.8 [0.7-1.0] -0.178 0.096 0.173-0.232 <0.001 
Enabling factors 
Total barriers‡ 1.0 [0.8-1.2] 0.965 1.0 [0.8-1.2] -0.031 0.787 0.074-0.105 0.004 1.1 [0.8-1.4] 0.561 1.4 [1.0-1.9] 0.301 0.076 0.176-0.235 <0.001 
xexcess GWG defined as above upper limit and not excess defined as with and below Institute of Medicine guidelines for each weight category (underweight 12.5-18kg, healthy weight 11.5-16kg, 
pre-obese 7-11.5kg and obese 5-9kg),6 *healthy weight, pre-pregnancy body mass index <25kg/m2; +overweight, pre-pregnancy body mass index >25kg/m2; ameasured height and self reported pre-
pregnancy weight; badjusted for pre-pregnancy BMI in kg/m2, weeks gestation at final weight, parity, presence of pregnancy complication likely to affect GWG, and smoking status; GWG=gestational 
weight gain; WLOC=weight locus of control301; ‡sum of construct scores for healthy eating, physical activity and GWG (see section 3.6.4.2 page 138 for details of methods); xsum of score for risk 
perception for pre-pregnancy weight and self risk perception; †risk perception for GWG score; #first value Cox & Snell R square and second value Nagelkerke R square. 
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7.3 DISCUSSION 
To the author’s knowledge this is the first study in an Australian obstetric 
population (a) to describe gestational weight gain using measured rather than 
retrospective self- reported weight gain, (b) to examine the relationship 
between weight gain and psychosocial constructs, and (b) to compare weight 
gain and psychosocial constructs according to pre-pregnancy weight status. 
7.3.1 Prevalence of Excess Gestational Weight Gain 
Overall, only one third of women in this sample gained an appropriate 
amount of weight during their pregnancy. This study highlights the high 
prevalence (38%) of excess GWG. The prevalence was almost one-third in 
women who were a healthy weight prior to pregnancy, increasing to more 
than half among those who were overweight at the start of their pregnancy. 
Ten percent of women had already achieved or exceeded their weight gain 
recommendation for the whole pregnancy by the time they presented to their 
first hospital visit. This weight gain in the first trimester was strongly 
associated with total GWG, providing a clear signal for early intervention to 
support appropriate weight gain. 
In addition to excess GWG, the prevalence of inadequate GWG in the current 
study was 26%. Inadequate weight gain is associated with growth restriction, 
small for gestational age babies, preterm delivery  and the consequences of 
these such as future chronic disease 6.  While this is also concerning, given 
the associations between inadequate weight and adverse outcomes 6 it is 
likely to be an overestimation in the context of GWG measured at 36 weeks 
gestation. While, inadequate GWG was not the focus of this thesis the long 
term consequences of inadequate GWG require consideration to ensure 
targeted individual advice to promote a healthy weight gain rather than 
focussing on restriction of weight gain. The delivery of public health advice 
and the potential for unintended restriction of GWG is an area that warrants 
future research. 
A strength of the study was the use of directly measured height and weights 
to calculate women’s BMI and weight gain at 16 and 36 weeks gestation. 
However, pre-pregnancy weight was based on mothers’ self report. The use 
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of self report for estimating pre-pregnancy weight and the measurement of 
weight at 36 weeks gestation are potentially important and this is discussed 
in detail in the next chapter, section 8.3.2, page 229. 
The GWG data from this study are consistent with a previous, small, 
Australian study (n=42), which reported a prevalence of excess GWG in 
obese women at 52%.72 In the context of GWG being measured at 36 weeks 
in the New Beginnings study, the prevalence data is consistent with a US 
population (n=570,261)105 and Danish (n=1,840)363 where birth records105 or 
self report363 were used to determine estimates of excess GWG. These 
studies report weight gain above recommendations at about 40%105 ,363 in 
healthy weight women 60363-65%105 in pre-obese and 50363-64%104 in obese 
women. These estimates are similar to those reported in the New Beginnings 
study, with the highest prevalence of excess GWG being in the pre-obese 
women (62% in current study). Of particular concern, women who are pre-
obese prior to pregnancy, with excess GWG, are more likely to retain weight 
post-pregnancy, which, in turn, increases the likelihood of being classified as 
obese in subsequent pregnancies. The Danish study reported that 20% of 
pre-obese women retained more than 5kg at one year post-partum.363 While 
the results of this last mentioned study363 are consistent with previous 
research,113 definitive conclusions should be limited, due to the self reported 
nature of weight measures. 
7.3.2 Weight Gain Knowledge 
Without an understanding of the risks and outcomes of behaviours, there is 
little reason to change.146 Overall, in the New Beginnings study, knowledge 
related to weight gain, including the appropriate amount, and the 
consequences of inappropriate gain was poor, with only 6% of participants 
achieving a maximum score. Only one-third could correctly report their 
recommended weight gain. This level of knowledge is similar to that reported 
in a previous Australian study (n=309) using questionnaire methods.288 By 
comparison, a much higher proportion of American women appear to have 
appropriate weight gain knowledge. A US study (n=1,198) assessed 
women’s knowledge of how much weight they should gain, via telephone 
interview.364 More than three-quarters (79%) reported a weight gain within 
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the recommendations.364 However, in multivariate modelling, overweight 
women were four times more likely to report a target above the guidelines.364 
Similarly, in New Beginnings study, overweight women were less likely to 
correctly report their recommended weight gain range. The marked 
differences in the level of weight gain knowledge between Australian and US 
studies may reflect differences in practice. Obstetric practice in the US has 
generally placed a greater emphasis on GWG than in Australia, and the US 
have lead research and practice developments, including the publication of 
the IOM guidelines in 1990.23 
In the New Beginnings sample, both healthy and overweight women who had 
better weight gain knowledge were less likely to report consuming a ‘lot more 
food’ since becoming pregnant. This may indicate an awareness of the need 
to moderate dietary intake to achieve a healthy weight gain. However, higher 
weight gain knowledge in healthy weight women was also associated with 
doing ‘a lot less’ physical activity. A large reduction in physical activity during 
pregnancy was also strongly associated with reporting a high barriers to 
physical activity score. This suggests that, while healthy weight women may 
have a good knowledge of weight gain recommendations and the 
consequences of excess weight gain, there may be a number of factors 
preventing the maintenance of physical activity that would support weight 
management in pregnancy. 
7.3.3 Health Professional Support 
Advice about weight gain recommendations has been shown to be 
associated with appropriate GWG. A survey of n=2,237 US women found 
that women were more likely to gain weight consistently with 
recommendations when they received appropriate advice from a health care 
provider, whilst an absence of advice was associated with weight gain 
outside of the recommendations.365 In this context, it is of concern that more 
than two-thirds of New Beginnings study participants reported never/rarely 
receiving advice from a health professional regarding healthy weight gain, 
and very few were able to correctly identify their appropriate weight gain 
range (19 % of overweight, 41% of healthy weight). Whilst it is possible that 
participating women under-reported receiving weight-related advice from 
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their health care professionals, this would not account for the effect observed 
in the New Beginnings results. The low level of health professional advice is 
consistent with the poor knowledge demonstrated by study participants, 
when related to GWG and the consequences of weight gain above or below 
the recommended levels. Both the scarcity of advice and the low level of 
awareness of what weight gain should be achieved are of concern. If women 
are not aware of how much weight they should gain and how to achieve this, 
it is unrealistic to expect them to meet healthy weight gain targets. 
The current research was conducted in a hospital where the weighing of 
pregnant women is not routine practice. Historically, there has been 
reluctance amongst some health care providers to weigh women, in the belief 
that this causes unnecessary anxiety during pregnancy.332 ,366 Nine studies 
have examined the weight related practices and perceptions of antenatal 
health care providers.332-334 ,367-372 Seven of these were qualitative studies 
using focus groups and/or face to face interviews ranging from six to 52 
participants.332 ,334 ,367 ,368 ,370-372 The largest of these qualitative studies 
focussed on preventing excess gestational weight gain, with themes broadly 
reflective of all studies.332 While health care providers thought that weight 
gain, nutrition and physical activity were important and had the potential to 
impact on maternal and offspring health, many felt that their knowledge was 
inadequate.332 A reluctance to provide advice on weight issues was 
expressed for several reasons. Providers thought that weight gain was 
beyond the control of the woman and discussing it would create a sense of 
failure.332 Also, weight was considered to be a sensitive and emotional topic, 
and that discussing it could offend patients.332 In relation to practices, 
providers waited for the patient to raise the topic of their weight, with many 
not providing a recommended GWG range or weighing patients, in order to 
avoid patient anxiety.332 Herring et al (2010) surveyed 58 US health care 
providers to examine adherence to the ACOG guidelines for management of 
obese pregnant women.333 Only 40% of respondents almost always informed 
the women of her weight status or discussed the risk associated with obesity 
in pregnancy.333 Of concern, these professionals had poor knowledge 
themselves of weight gain guidelines. Only one-third to almost half of 
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providers could correctly report the upper limit of weight gain 
recommendations for each pre-pregnancy weight category.333 In the context 
of this literature, it is unsurprising that over two-thirds of New Beginnings 
participants reported that their health care providers rarely or never 
undertook supportive practices related to healthy weight gain (as outlined in 
Table 7.4). 
These perceptions of practitioners appear to be in contrast to the views of 
pregnant women. A recent mixed methods study in the UK (n=60) found that 
half of the participants wanted information about healthy weight gain, 
including monitoring.373 Some of these women reported that the lack of 
advice and importance placed on weight by health care providers contributed 
to their anxiety.373 While small, this sample highlights the discrepancies 
between health care provider perceptions and those of the women they care 
for. 
The results of our study indicate the need, in the Australian antenatal setting, 
for more appropriate provision of weight related advice to pregnant women. A 
potentially beneficial alternative to routine weighing is to encourage women 
to self monitor their weight. However, while self monitoring has been shown 
to be beneficial in reducing GWG in pre-obese women,216 underweight 
women were found to inappropriately reduce their weight gain.216 This 
outcome highlights the importance of individualised advice about appropriate 
weight gain targets and the management of lifestyle behaviours consistent 
with achieving this gain, particularly in view of the fact that a quarter of the 
current study sample gained inadequate weight. 
There is little point to weighing women or having them weigh themselves if 
there is no dialogue or support available to assist them in understanding 
whether a deviation is excessive or inadequate and how to manage such 
deviations. Women require advice, monitoring and action on health 
parameters that may influence the pregnancy outcome, their health and that 
of their baby. Women are told when their blood pressure becomes a concern 
in pregnancy and this issue is managed. Given the important consequences 
of excess GWG, our results indicate that the same approach should be taken 
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with weight. As outlined in Chapter 5, section 5.2.5, page 156, our results 
indicate that women want this. 
7.3.4 Predicting Gestational Weight Gain 
There has been a suggestion that behaviour-based interventions to reduce 
GWG should be more systematically designed and built on insights from 
behavioural science.204 As the first step of designing an effective intervention, 
the population assessment in the New Beginnings study found that pre-
pregnancy weight status moderated the relationship between psychosocial 
factors and excess GWG. For healthy weight women, a higher weight locus 
of control (a belief that one can control their weight) was associated with a 
lower risk of excess GWG. For overweight women, higher negative outcome 
expectations were associated with excess GWG. This difference further 
highlights the importance of targeted advice being provided. 
7.3.4.1 Weight locus of control 
Weight locus of control (WLOC), as discussed in Chapter 6, relates to the 
belief that one has control over one’s body weight.301 Healthy weight women 
who had a higher WLOC (that is, they believed they had control over their 
weight) were less likely to gain excess weight. During pregnancy, there is a 
degree of GWG that may be beyond an individual’s control; the majority of 
women gain some weight and indeed should do so, regardless of behaviours. 
However, dietary intake and physical activity modify the amount of weight 
gained for many women.6 It is plausible that those healthy weight women 
who believe that they have little control over their weight gain follow dietary 
practices consistent with ‘eating for two’, reduced physical activity and are, 
thus, more likely to gain too much weight. 
Previous studies have shown different attitudes and patterns of weight gain 
during pregnancy. A longitudinal study used in-depth interviews with 36 
participants of the Women, Infant and Children (WIC) program in the US, 
across pregnancy and the post-partum period.191 Four behavioural 
trajectories characterised by different orientations towards body weight and 
lifestyle patterns were identified.191 Two of the trajectories described in that 
study may be relevant in describing associations between women with a 
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more externally orientated WLOC and excess GWG. Women described as 
the ‘unhurried’ trajectory (n=5) were relaxed about their weight, diet and 
physical activity, despite being dissatisfied with their weight.191 During 
pregnancy, some of these women expressed concerns about gaining too 
much weight.191 During the post-partum period, these women reported eating 
high energy snacks and exercising less, in the hope that breastfeeding would 
help them to ‘magically’ lose weight.191 Within the ‘exercise’ trajectory, a 
subset of four women were identified as ‘delayed’ exercisers.191 Prior to 
pregnancy, these women were regular exercisers, however, during 
pregnancy, they exercised less and liberalised their diets, giving into cravings 
for high energy foods.191 These women had the highest weight gain during 
pregnancy compared to women in the other trajectories.191 While this 
qualitative study did not directly assess WLOC, its results indicate that 
attitudes may influence some women to change their behaviours in 
pregnancy. Overall these results indicate women have a range of beliefs 
about weight gain in pregnancy. This diversity requires consideration during 
the development of appropriate interventions. It is plausible that some 
women believe that their weight changes are beyond their control during this 
period and not related to lifestyle behaviours.  
Consideration may also need to be given to the value that women place on 
their health or appearance during pregnancy, which may be different to when 
not pregnant. Salzer (1982) found that non pregnant women with a higher 
LOC who valued their health and appearance were more likely to achieve 
their weight loss goals and complete a weight management program than 
those who had a lower LOC and valued their health.301 This consideration 
may be important in explaining why no association between WLOC and 
excess GWG in overweight women was observed in the New Beginnings 
study. Overweight women had a lower WLOC compared to healthy weight 
women. If overweight women value their health or appearance less that 
healthy weight women, they may not value the control of their weight in 
pregnancy. A limitation in interpreting the WLOC scale345 for the New 
Beginnings study is that the value participants placed on appropriate weight 
gain was not measured. This aspect of value relating to WLOC requires 
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further investigation. However, the notion that those with a higher LOC are 
more likely to engage in health promoting behaviours and take responsibility 
for their actions345 suggests that, perhaps for healthy weight women, a short 
scale assessment of WLOC may assist in identifying women early in their 
pregnancy who are at risk of excess GWG. 
7.3.4.2 Negative outcome expectations 
It is suggested that expectations about the consequences of a behaviour 
(outcome expectations)146 are influenced by past experiences with a 
particular behaviour.374 Similar outcomes are expected when a particular 
behaviour is performed again.374 The results of the New Beginnings study 
indicate that overweight women with higher negative outcome expectations 
for healthy eating, physical activity and weight control in pregnancy were 
more likely to gain excess weight than other overweight women. 
There are no studies in pregnancy with which to directly compare these New 
Beginnings results. However, studies of women’s dieting experiences prior to 
pregnancy may be relevant. Four studies have shown the relationships 
between pregnancy weight gain and pre-pregnancy weight, weight cycling, 
restrained eating and previous failed dieting before pregnancy.188 ,375 ,376 The 
largest of these examined 2,000 women before 20 weeks gestation in the 
Pregnancy, Infection and Nutrition study in the US.188 Laraia et al (2009) 
found a strong, positive association between dietary restraint scales of dieter, 
cycler and restrained eating with pre-pregnancy weight status.188 Women 
with a self reported BMI > 35kg/m2 had a sevenfold risk of being a restrained 
eater. In a separate paper examining 1,223 of these women, within each BMI 
category, restrained eaters were more likely to exceed their weight gain 
recommendation.187 Obese restrained eaters exceeded their 
recommendation by two and a half times and healthy, overweight and obese 
restrained eaters gained between 1.6 and 2.8kg more than non-restrained 
eaters within each weight status category.187 These results are consistent 
with a smaller US study (n=549) where those with a history of weight cycling 
(dieting followed by weight regain) had higher pre-pregnancy BMIs and 
higher post-partum weight retention376; and a small (n=62) UK study where 
restrained eaters had higher mean BMIs, more negative attitudes to weight 
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gain during pregnancy and were less likely to gain weight within the IOM 
recommendations.375 
Negative eating behaviours appear common among women with an 
increasing BMI. Failure at previous weight control may lead to negative 
expectations associated with health promoting nutrition, physical activity and 
weight control behaviours. The paper by Laraia and colleagues (2009)188 
found that an increasing trend for negative psychosocial factors, such as 
stress, anxiety and depressive symptoms, and a decreasing trend for the 
protective factors of self esteem, mastery and internal locus of control were 
associated with increased weight status.188 These negative, psychological 
traits, more common among overweight women, may be an important 
consideration when intervening to manage weight related issues in 
pregnancy. Offering positive support and promoting positive experiences, 
rather than focusing on the negative aspects of behaviour change, may be 
important in supporting women already overweight, where, perhaps, difficulty 
in weight management may have been experienced in the past. 
Interestingly, despite self efficacy being positively associated with both 
dietary quality and physical activity time, it was not associated with excess 
GWG in either healthy or overweight women. Changes in weight are 
considered to be a consequence of a series of behaviours and not behaviour 
in itself.377 It has been suggested that the extent to which perceived self 
efficacy facilitates control of weight should depend on its ability to predict 
performance of weight control behaviours, such as diet and physical 
activity.378 While not associated directly with excess GWG, self efficacy is 
likely to be an important component of weight control interventions in 
pregnancy. 
7.3.4.3 Pregnancy, demographic and energy balance factors 
For healthy weight women, pre-pregnancy BMI and being a smoker were 
associated with excess GWG. Women at the top end of the healthy weight 
range prior to pregnancy had an increased risk of 20% for excess GWG and 
may have lost weight prior to pregnancy, moving them from pre-obese to a 
healthy weight, or they may be women who need to make a concerted effort 
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with lifestyle behaviours to keep within the range. Both of these 
circumstances may present challenges in losing weight to return to a healthy 
weight post partum. Smokers in the New Beginnings study were at a three- to 
fourfold risk of gaining excess weight. There were only a small number of 
participants (6% healthy weight and 9% overweight) that were classified as 
smokers and confidence intervals for the odds ratios were wide. However, 
the variable was left in the model due to significant association for both 
weight status groups. There have been inconsistent associations between 
smoking and GWG.6 The studies examined in the review of the IOM 
guidelines were all about ten or more years old, with the authors unable to 
conclude whether smoking does impact on GWG.6 In Chapter 6 of this thesis, 
smoking was associated with a lower dietary quality. As outlined in Chapter 6 
(page 190), lifestyle risk factors appear to cluster, particularly in lower 
socioeconomic groups and those with less education.379 ,380 This may help to 
explain the association between smoking and excess GWG. 
It is well established that first time mothers gain more weight than those who 
have already carried a baby to term.6 In the New Beginnings sample, only 
within the overweight women was this relationship between parity and excess 
GWG observed; a finding that warrants further investigation. 
Eating ‘a little’ or ‘a lot more food’ in the first trimester of pregnancy was 
associated with excess GWG in overweight women. This result is consistent 
with the findings of Olson and Strawderman (2003) who, in examining 
measured GWG in 622 US women, found that eating ‘much more food’ was 
associated with a twofold increase in excess GWG compared to ‘a little more 
food’.132 The measurement of the change in intake for this US study was mid-
pregnancy, however, in the New Beginnings study, the change of intake was 
measured earlier in pregnancy, before a substantial increase in estimated 
energy needs. In the New Beginnings analysis, this variable was 
dichotomised to compare those that reported an increase in the amount of 
food during the first trimester to those that reported no change or less. 
Despite the different measurement times and comparative groups, the OR 
were similar between studies, with a two and a half times risk of excess 
GWG (‘more’ food for New Beginnings and ‘much more’ food for the US 
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study).132 While the US study adjusted for the trimester of measurement, the 
week’s gestation at measurement, parity and pre-pregnancy BMI were not.132 
Despite the change in the amount of food being associated with excess 
GWG for overweight women, the change in the amount of physical activity 
was not associated with excess GWG for healthy weight or overweight 
women. Physical activity decreases for most women in pregnancy.89 In the 
New Beginnings sample, no change or a reduction in physical activity was 
more common in women who commenced pregnancy at a healthy weight 
(section 5.2.3 page 151). Women who ‘often’ exercised before pregnancy 
have been suggested to maintain or reduce their exercise on becoming 
pregnant, while those who were infrequently active may be more likely to 
increase their levels.89 ,90 It is possible that the overall amount of physical 
activity within and between weight status groups did not have enough 
variability to contribute to excess GWG. 
7.3.5 Summary 
Overall, the results indicate that many women do not know how much weight 
they should gain, they gain weight outside recommendations and health care 
professionals are not taking adequate steps to support changes to address 
these issues. It appears that weight gain knowledge is important in predicting 
changes in physical activity and food intake which may, in turn, place women 
at risk of excess GWG. 
Healthy weight women with a higher weight locus of control appear to be at a 
reduced risk of gaining too much weight, although it appears that those 
women who are towards the top end of the healthy weight range are also at 
risk of gaining excess weight. Overweight women who are first time mothers, 
who have higher negative outcome expectations overall and who report 
eating more food in the first trimester of pregnancy are at an increased risk of 
excess GWG. 
Women should be informed, as early as possible in pregnancy, of 
appropriate weight gain for them and the risks of inappropriate weight gain 
should be discussed. Having an awareness of appropriate weight gain, the 
reasons why it is important, and understanding the impact pre-pregnancy 
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weight has on risks, is important for women to intend to achieve appropriate 
weight gain in their pregnancy. Psychosocial factors are associated with 
excess GWG, however, these appear different according to pre-pregnancy 
weight status. Consideration of these differences is important to the 
development of targeted interventions and this will be discussed in the next 
chapter. 
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Chapter 8: Overall Discussion and Implications 
8.1 OVERVIEW 
This thesis presents three chapters of original research related to maternal 
behavioural outcomes, the psychosocial influences on these and differences 
according to pre-pregnancy weight status. In addition, it is the first study in 
Australia with a broadly representative sample to provide an estimate of the 
problem of excess weight gain in pregnancy. 
The implications of the research findings are multidisciplinary, with broad 
public health relevance. The research aims of this thesis were divided into 
four domains to address aspects of phase 2 and phase 3 of the PRECEDE-
PROCEED model17 of health program planning. This final chapter reiterates 
the key findings of the thesis in the context of each research domain. The 
domains considered were nutrition and physical activity, maternal 
psychosocial, maternal weight, and service delivery. Outlined, is how this 
research has contributed new evidence to help to understand health 
behaviours associated with overweight in pregnancy. The strengths and 
limitations of the study are addressed. Finally, the implications of the findings 
for practice and future research are considered. 
8.2 CONTRIBUTION TO KNOWLEDGE 
8.2.1 Nutrition and Physical Activity Domain (Chapter 5) 
The aim of this domain was to: 
• describe the importance of and knowledge relating to healthy eating 
and physical activity during pregnancy; 
• examine the differences in the eating and physical activity behaviours 
between healthy and overweight women. 
This chapter demonstrated that healthy eating was widely regarded as very 
important, with over four in five women indicating that this had become more 
important than it was prior to pregnancy. Despite knowing the influence of 
nutrition on maternal and infant health, and having positive attitudes to 
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nutrition, less than one in ten and only one-third of women knew the specific 
nutritional recommendations for fruit and vegetable intake respectively. 
In contrast, only one-third of women reported that regular physical activity 
was very important and there was greater variability in whether women 
regarded this as more or less important than prior to pregnancy. This is 
despite two-thirds of women knowing the physical activity recommendations 
for pregnancy. 
This presents an interesting conundrum, where women believe that nutrition 
is important, despite not knowing specifically what the healthy eating 
recommendations are, yet many women know the physical activity 
recommendations, but few women believe it is important. 
Women’s perception of the importance of healthy eating or nutrition and 
physical activity knowledge were not different according to pre-pregnancy 
weight status. However, unexpectedly, overweight women were more likely 
than healthy weight women to report that the importance of regular physical 
activity had increased since becoming pregnant. 
Pre-pregnancy weight status did influence proxy energy, balance change 
measures of self report, change in the amount of food eaten and change in 
the amount of physical activity on becoming pregnant. Just over half 
overweight women reported that the amount of food they were eating had not 
changed or was less than prior to pregnancy, compared to a third of healthy 
weight women. In line with attitudes regarding the importance of physical 
activity, almost two-thirds of healthy weight women were more likely to report 
doing less physical activity since becoming pregnant, compared to half of 
overweight women. 
Consistently with other observational studies, the majority of women were not 
meeting key recommendations in relation to nutrition and physical activity. 
However, in contrast to previous literature, this research did not find a 
difference between healthy and overweight women in terms of overall dietary 
quality or the frequency of those achieving sufficient physical activity. 
Nevertheless, healthy weight women achieved high fibre intake scores and 
were more likely to achieve adequate fruit intake, while overweight women 
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reported greater frequency in the consumption of some non-core foods. 
Overweight women had less occasions of physical activity and participated 
less in vigorous activity. 
Collectively, these findings highlight potential behavioural and some 
predisposing factors as intervention targets to support women to maintain or 
change nutrition and physical activity behaviours in early pregnancy, for the 
benefit of their own health and that of their babies. Drawing on healthy 
behaviour theories,146 ,152 ,156 these data suggest that different intervention 
strategies for different behaviours, and according to pre-pregnancy weight 
status, may be needed. The implications of these results for practice will be 
discussed in section 8.4 page 233. 
8.2.2 Maternal Psychosocial Domain (Chapter 6) 
The research aims for this domain were to: 
• describe the differences between healthy and overweight women on 
predisposing, reinforcing and enabling factors for healthy eating, 
physical activity and GWG control; 
• examine which predisposing, reinforcing and enabling factors were 
associated with healthy eating and physical activity in healthy and 
overweight women. 
Constructs common to dominant health behaviour change theories were 
integrated and used to define predisposing, reinforcing and enabling factors. 
The predisposing factors assessed included weight related risk perceptions, 
intentions, outcome expectations, self efficacy and weight locus of control. 
The reinforcing factors assessed in this chapter included social support. The 
enabling factors included barriers, such as time, cost, information, taste 
(healthy eating) and physical discomfort (physical activity). 
Overweight women had higher weight related risk perceptions than healthy 
weight women. However, the level of perceived risk was low for both weight 
groups. Low perceived risk can have implications for the extent to which 
women recognise a need for change and potentially access support services. 
Most women had positive intentions for healthy eating, physical activity and 
GWG control, as indicated by positively skewed measures. There was no 
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difference between weight groups for healthy eating or physical activity 
intentions. However, overweight women had higher intentions for GWG 
control, which suggests a stronger motivation to control their weight in 
pregnancy compared to healthy weight women. 
Predisposing factors, such as self efficacy for healthy eating and physical 
activity, and weight locus of control associated with positive behaviour 
changes, were lower in overweight compared to healthy weight women. 
Reinforcing factors of social support for healthy eating and GWG control 
were also lower in overweight compared to healthy weight women. 
Predisposing and enabling factors with an adverse outcome on behaviour, in 
particular, negative outcome expectations for physical activity and GWG 
control and barriers to healthy eating and physical activity, were higher for 
overweight women compared to healthy weight women. Overall, 
predisposing and reinforcing factors associated with positive behaviours were 
lower and predisposing factors and barriers associated with negative 
behaviours were higher in overweight women. These results suggest that 
overweight women may need more intensive support to overcome the 
negative and enhance the positive influences on health behaviours during 
pregnancy. 
Predisposing factors were important determinants of both diet quality and 
physical activity in both healthy and overweight women. Intentions and self 
efficacy for health eating and physical activity were positively associated with 
actual outcomes in healthy weight women. However, for overweight women, 
only self efficacy demonstrated a significant association (positive) with diet 
quality and physical activity. 
By contrast, reinforcing and enabling factors contributed differentially to diet 
quality in each weight status group, but did not appear to influence physical 
activity. The reinforcing factors, social support for healthy eating and GWG 
control were associated with diet quality in healthy weight women, but not in 
overweight women. Barriers, on the other hand, showed a negative 
association with diet quality for overweight women only. 
These results indicate that a standard intervention to address eating and 
physical activity behaviours in healthy and overweight women is unlikely to 
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be effective. The finding that intentions were not associated with actual 
behaviours for overweight women adds weight to the argument that post-
motivational processes, including self efficacy and barriers, are stronger 
influences on behaviour. 
While these results indicate that predisposing factors are the likely initial 
targets for behavioural interventions, consideration must be given to the 
complex interrelationship between predisposing, reinforcing and enabling 
factors. It is suggested that, to enact and maintain behaviour change, all 
three factors must align and, therefore, must be considered in intervention 
planning.17 These results contribute to our understanding of different 
behavioural influences associated with pre-pregnancy weight status. This 
understanding may go some way towards explaining the challenges of 
standard interventions in demonstrating outcomes across behavioural and 
weight related outcomes. These results provide the foundation for the 
‘administrative and policy assessment and intervention alignment’ (phase 4) 
of the PRECEDE-PROCEED model17 of health program planning. 
8.2.3 Maternal Weight Domain (Chapter 7) 
The research aims addressed in this domain were to: 
• describe knowledge relating to gestational weight gain in healthy and 
overweight women; 
• describe the prevalence of excess gestational weight gain (see below) 
and examine this according to pre-pregnancy weight status; 
• identify early pregnancy (<20 weeks gestation) psychosocial factors that 
predict excess gestational weight gain at 36 weeks. 
Knowledge of appropriate weight gain and the implications for maternal and 
infant health was lower in overweight compared to healthy weight women. 
However, both groups had poor GWG knowledge. 
This study was unique in that it used measured, rather than self reported, 
weight at 36 weeks gestation to determine GWG. The problem of weight gain 
over the recommendation, in this representative sample from Queensland, 
was highlighted. Women coming to pregnancy already overweight were at 
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greater risk of gaining too much weight compared to healthy weight women 
(56% vs 30%, p<0.001). 
This study has contributed unique evidence by demonstrating that 
associations between psychosocial constructs and excess GWG differed 
according to pre-pregnant weight status. Those healthy weight women with a 
lower WLOC (self perception of control over weight) were more likely to gain 
excess weight after adjusting for covariates. Overweight women with higher 
negative outcome expectations (composite of scores for both health 
behaviours and GWG) were more likely to gain excess weight. While the 
outcomes of this research highlight the complexity of weight control in 
pregnancy, it has demonstrated that potentially modifiable, psychosocial 
factors contribute to excess GWG. 
This evidence indicates that there are opportunities to enhance routine care 
for women to ensure an awareness of appropriate weight gain in pregnancy 
and the implications of weight gain outside of these recommendations. While 
improving knowledge is important, it is likely that routine advice may not be 
enough to influence excess GWG in all women. Appropriate behavioural 
strategies, such as practical advice, self monitoring and relapse prevention 
designed to address psychosocial factors influencing GWG, need 
consideration in designing interventions. Those who commence pregnancy 
overweight are likely to benefit from individualised, intensive support. This will 
be explored further in the implications of this research for practice (see 
section 8.4 page 233. 
8.2.4 Service Delivery Domain (Chapter 5 and Chapter 7) 
Reinforcing factors provide an incentive or disincentive to start and continue 
a behaviour.17 A key reinforcing factor is the provision of feedback and 
advice that is supportive of behaviour change from health care providers. 
This research domain aimed to: 
• describe the advice and support received by pregnant women from 
health professionals relating to healthy eating, physical activity and 
GWG; 
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• describe the support services, if any, that pregnant women want to help 
them engage in healthy lifestyles and gain appropriate weight. 
This research demonstrated that advice and support from health 
professionals was infrequent and non-specific. Only half to two-thirds of 
women reported that health professionals encouraged healthy eating or 
physical activity in early and late pregnancy. Practical advice about the 
amount of food, how to plan and prepare healthy food, and how to include 
physical activity each day was reportedly received by a quarter or less 
women. 
In early pregnancy, two-thirds of women reported rarely or never receiving 
advice about how much weight to gain and three-quarters reported never or 
rarely being advised of how to achieve their weight recommendations or were 
encouraged to weight monitor. 
While it seems clear that women did not receive good advice, four in five 
women reported that they would have been interested in education, if it were 
available. Most women wanted this education when they first found out they 
were pregnant, wanted it individualised and preferred face to face contact. In 
terms of ongoing support, email was the most popular method reported. 
This evidence suggests that health professional support (a key reinforcing 
factor, to support behaviour change during pregnancy) needs to be 
enhanced. Indeed, it appears that pregnant women want this. Women in this 
study had positive intentions for their health behaviours, however, health 
professionals rarely provided any reinforcement of healthy eating or physical 
activity behaviours. The provision of health care services can facilitate or 
inhibit the performance of behaviour, depending whether they are available 
and adequate. It is acknowledged that, in the context of availability of 
services, health care provision may be considered an enabling factor.17 
However, in the context of this thesis, health professional support was 
considered to be a reinforcing factor. 
8.2.5 Summary 
In short, the New Beginnings study has show a high prevalence of pre-
pregnancy overweight and excess GWG. Very few women met dietary and 
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physical activity recommendations. Women’s belief their healthy behaviours 
are important and they want advice, but this was only received infrequently 
and was non-specific. Overall, predisposing and reinforcing factors 
associated with positive behaviours were lower, and predisposing and 
enabling factors associated with negative behaviours were higher in 
overweight compared to healthy weight women. Furthermore, specific factors 
associated with diet and physical activity behaviours varied, depending on 
weight group and behavioural outcome. 
8.3 STRENGTHS AND LIMITATIONS 
The New Beginnings Healthy Mothers and Babies Study and this PhD 
analysis have several strengths and limitations that need to be 
acknowledged. These will be discussed in the broad categories of study 
design and sampling, measurements, and procedure and analysis. 
8.3.1 Study Design and Sampling 
A key strength of this study is the large, consecutive sample. While 
consecutive sampling is a non-probability method, it is considered to be the 
most appropriate when rolling enrolment is needed from a sample 
population.381 As all eligible women attending the antenatal clinic were 
approached during the recruitment period, the potential for selection bias was 
reduced. 
The comparison of the recruited sample with women delivering at the RBWH 
and in Queensland public hospitals, during the recruitment period, indicated 
that participants were broadly representative of women delivering in 
Queensland public hospitals for demographic and anthropometric 
characteristics. Ethical approval prevented data collection from non-
consenters to the study. 
The observational, cohort study design allowed for the follow up of 
participants at two time points to explore associations between psychosocial 
factors and later outcomes. The associations identified in this longitudinal 
data do not imply causality. These associations are not deterministic; as 
personal factors differ among individuals, each average is associated with 
range and distribution of values.17The data do not demonstrate the 
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mechanisms behind these associations and the complexity of interactions 
that can occur between the constructs explored and the individual’s 
environment. 
The PRECEDE-PROCEED model17 provides a structured process for health 
program planning, taking into account the system in which a health concern 
may operate.17 The use of this model and integration of constructs from 
health behaviour theories to guide the project facilitate an evidence based 
approach to the development and implementation of a future intervention, 
based on the project results. The New Beginnings study can be viewed as 
providing both formative evaluation, through identifying future program 
priorities, goals, objectives and targets and, secondly, baseline measures for 
future summative evaluation of a program.17 Through using integrated 
behavioural constructs, rather than selecting one specific health behaviour 
theory, the capacity to identify a range of intervention strategies has been 
retained. 
8.3.2 Measurement 
Self reported pre-pregnancy weight has been shown to be a reasonable 
estimate of weight at conception382 and is widely used in population 
studies.364 ,365 Self reported pre-pregnancy weight in the first trimester of 
pregnancy has shown a correlation of r=0.99, with a documented weight 
measured in the three months prior to pregnancy in 170 women.118 
Furthermore, the mean under-reporting rate of 1kg did not differ by weight, 
ethnicity or gestational age at enrolment.118 The strong correlation, in this 
PhD research, between measured weight at first hospital visit and self 
reported pre-pregnancy weight (r=0.96) provides further justification for its 
use. 
However, a small study examining self reported pre-pregnancy weight has 
found that overweight women underestimated their weight.382 The 
implications of this for the current study are twofold. For overweight women, 
under reporting their pre-pregnant weight, to the extent of misclassification to 
a lower weight status group, would likely result in an underestimate of the 
relationship between pre-pregnancy weight status and excess GWG. Such 
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misclassification may have diluted any relationship between weight status 
and psychosocial constructs. In contrast, under-reporting of pre-pregnancy 
weight and remaining within the same weight status group would lead to an 
overestimation of excess GWG. While measured weight at a preconception 
visit is the ideal method to examine pre-pregnancy weight, it is often not 
practical, with recalled weight at the first antenatal visit considered the most 
feasible.6 
A further limitation relating to weight was the use of measured weight at 36 
weeks gestation to determine GWG. This time was selected to coincide with 
a routine hospital visit and to ensure that the majority of women were 
weighed prior to delivery. It is often not feasible to weigh at the time of 
delivery and relying on this measure may have resulted in a large amount of 
missing data. Total GWG at 36 weeks was likely to be an underestimate of 
GWG over the pregnancy. Therefore, inadequate GWG is likely to be 
overestimated, and excess GWG underestimated, in terms of the magnitude 
and prevalence. Despite this limitation, the use of measured weight adds 
strength to the results of this study, with practical assessment of GWG often 
relying on maternal recall of last available weight prior to delivery.6 
The use of predominantly structured questionnaires in the New Beginnings 
study requires consideration. While this allowed collection of standardised 
data from a large sample size, it may have resulted in participants being 
‘forced’ to choose responses that did not fully represent their views.383 
Therefore, a full range of views may not be taken into account. This aspect is 
particularly important in the context of women’s preferred methods of service 
delivery and support. Further qualitative work is needed to explore the in 
depth views of women regarding service design. Furthermore, this self 
reported information is open to reporting bias, often in a socially desirable 
direction. This is concerning in the context of the New Beginnings study. The 
over-reporting of fruit and vegetable intake and physical activity would mean 
that the true picture is worse than that reported in this thesis, strengthening 
the overall findings. 
The measurement of psychosocial variables requires consideration in the 
context of strengths and limitations. The majority of scales were drawn from 
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existing validated tools, however, almost all underwent some minor 
modification and some measures were constructed for this study. While test-
retest reliability was not conducted on the questionnaire, internal consistency 
was assessed for all measures deemed appropriate, regardless of previous 
validation, and the questionnaire was well piloted. Further, no measures were 
designed to assess change over time.384 
Psychosocial variables are thought to be behaviour specific.174 While this 
study assessed variables in relation to healthy eating, physical activity and 
weight control, the measures remained general to these domains, rather than 
more specific, such as fruit or fat intake, or intensity or type of activity. This 
general nature may have diluted or reduced the ability to detect associations 
between psychosocial variables and dietary quality or minutes of physical 
activity. 
The focus of the questionnaires was predominantly on the assessment of 
psychosocial factors and, as a result, the number of items within the 
questionnaire needed to be rationalised to reduce participant burden. Dietary 
and physical activity measures are associated with limitations. Diet quality 
measures are designed to capture dietary patterns and behaviours, rather 
than specific nutrients or energy intake. The tool used in the New Beginnings 
study was validated against an FFQ for fat and fibre that is widely used within 
Australia, however, the tool was still subject to arbitrary choices regarding 
food items and behaviours for inclusion.331 Self reported physical activity is 
open to under-reporting and recall bias. The Active Australia Survey items 
used in the current study have been established as reliable and valid in adult 
populations and are widely used in population surveys in Australia.286 ,385 It 
was therefore considered unnecessary to revalidate these items within the 
New Beginnings study. It was considered unfeasible in a study of this size, 
and in the context of a minimally funded PhD project, to use objective 
measures of physical activity, such as accelerometers or pedometers. 
8.3.3 Procedure and Analysis 
The estimated sample size required for study objectives was achieved for 
both the prevalence and subgroup analysis. Study attrition was 30% 
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(including preterm deliveries, non-responses and withdrawal) over the two 
study time points; below the planned 40%. There did not appear to be 
retention bias, with no significant differences for age, education and baseline 
anthropometric characteristics between those who provided useable data at 
follow up and those who did not. 
Despite achievement of the calculated sample size, it is possible that the 
study was underpowered for a number of analyses. Combining underweight 
with healthy weight and pre-obese with obese participants for the subgroup 
analysis may have masked differences unique to being underweight or 
obese. A larger sample size would have allowed exploration of three GWG 
categories (inadequate, appropriate, excess); in particular, a multivariate, 
logistic regression to examine predictors of inadequate and excess GWG, 
with appropriate GWG as the referent group. The combination of inadequate 
and appropriate GWG groups is a limitation in the analysis for predicting 
excess GWG. A larger sample size would have allowed analysis based on 
WHO BMI classification groups and increased the likelihood of adequate 
numbers in each combination of pre-pregnancy BMI x GWG group. 
Initial sample size estimates were calculated on an expected fifty percent 
split between healthy and overweight women at recruitment, rather than the 
two-third:one-third split that was achieved. The reason for this was possibly 
an overestimation of pre-pregnancy overweight based on perinatal data 
sources (see section 4.3.2, page 145 for further detail). A larger sample size 
in the New Beginnings study was unfeasible, due to study staffing levels and 
the PhD timeline. Continuing with recruitment for a larger sample size would 
have compromised the tracking of participants for 36 week follow ups. 
There were a number of borderline trends observed in examining 
associations with excess GWG. While there was no difference between 
groups for study attrition, the imbalance in recruitment resulted in smaller 
numbers of overweight women remaining for analysis. It is possible that the 
sample was underpowered to examine differences in psychosocial 
associations with health behaviours or GWG status that was stratified for pre-
pregnancy weight status. The number of factors that had significance values 
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>0.05 - <0.1, but did not reach statistical significance, supports this 
hypothesis. For these associations a type II error cannot be excluded. 
Individuals’ behaviour and predictors of behaviour cannot be determined by 
examining group level statistics,358 as was used in this study. Psychosocial 
processes, energy balance behaviours and biological processes combine to 
determine gestational weight gain. This study has shown that psychosocial 
factors are associated with diet and physical activity behaviour. However, 
these behaviours, combined with metabolic adaptations known to be highly 
variable among individuals, makes for a multitude of combinations within 
individuals. It is impossible to detect individual factors determining GWG 
through group examination. The associations in this study cannot be 
considered definitive at the individual level. 
8.4 IMPLICATIONS FOR PRACTICE 
8.4.1 Recognition of a Need for Effective Management 
Between one-third and half of women entering pregnancy in Australia are 
overweight.3 ,4 ,27 The evidence from this thesis indicates excess GWG as a 
problem of similar prevalence. 
Within the Australian obstetric setting, there has been resistance to 
addressing the issue of GWG. A Medical Journal of Australia editorial in 2009 
stated “the 9 months of pregnancy is too short a time for much to be 
achieved, especially for those at greatest need”.386 The prevalence of both 
pre-pregnancy overweight and excess GWG in the New Beginnings study 
was high and cannot be ignored. One-third of women in this study were 
overweight on entering pregnancy, with one-third of healthy weight women 
and just over half of overweight women gaining too much weight during 
pregnancy. Preventing this excess weight gain is important to curtailing the 
development pre-obesity and obesity in women and their offspring. 
Some of this resistance may stem from the inconsistent results that 
interventions to manage weight in pregnancy have produced (see section 
2.4.2 page 85). However, given the large heterogeneity in these 
interventions, with few focussing on behavioural determinants, it is, perhaps, 
unsurprising that they have failed to consistently demonstrate positive 
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outcomes. Two meta-analyses now identify that diet and physical activity 
change is effective in reducing GWG.198 ,204 
Evidence from this thesis suggests that most women think healthy eating was 
important, had positive intentions for healthy eating, physical activity and 
GWG control, and they want education to support healthy lifestyles and 
appropriate weight gain. However, infrequent, non-specific advice is being 
provided by health care professionals. A greater recognition of the need and 
opportunity for management and prevention of excess weight during the 
reproductive period may support enhanced investment. In the current 
economic and political environment, where resources are scarce, it would 
likely require a reorientation of health services. 
Both the US and UK, in acknowledging the issue of appropriate GWG, have 
recently reviewed9 and developed288 national guidelines for the management 
of weight gain in pregnancy. These guidelines highlight the importance of 
individualised counselling about dietary and physical activity behaviours for 
achieving an appropriate GWG. The results of this thesis indicate that there 
is a need in the Australian antenatal setting for health promotion practices 
such as those recommended in the UK and US. 
8.4.2 Recognising Pregnancy as a Unique Opportunity for Change 
Pregnancy and child rearing is a period when women experience social, 
psychological, behavioural and biological change.191 The transition to 
motherhood marks a time when women may think, not only of their own 
needs, but also the needs of their child.191 The suggestion of pregnancy as a 
teachable moment is reviewed in section 2.3.5, page 83. 
Evidence from the New Beginnings study indicates that healthy eating was 
widely regarded as very important, with the majority of women indicating that 
this had become more important than it was prior to pregnancy. Furthermore, 
this study identified that overweight women were more likely to regard 
physical activity as more important than prior to pregnancy, when compared 
to healthy weight women. This, coupled with the finding that overweight 
women had higher intentions for GWG control in pregnancy compared to 
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healthy weight women, suggests that overweight women, in particular, may 
see pregnancy as a positive trigger for change behaviour. 
Women in the New Beginnings study, overall, had positive intentions for 
healthy eating, physical activity and GWG control. However, while women felt 
that these behaviours were important and had good intentions, they had 
knowledge gaps and failed to meet key recommendations. Capturing this 
opportunity to engage with women to facilitate the achieving of behavioural 
intentions during the antenatal period has the potential for flow-on effects to 
the future health of their offspring and family. 
Pregnancy is one of the few times in the life course when young, 
predominantly healthy, women come into contact with health professionals. 
Results from the New Beginnings study suggest that women have positive 
intentions for healthy eating, physical activity and GWG control and that the 
attitudes to health behaviours are positive. Using this greater motivation to 
engage in positive behaviour change offers a teachable moment for obesity 
prevention. 
8.4.3 Effective Management Requires Multidisciplinary and Multi-level 
Intervention 
In the New Beginnings study, a particular theory was not tested. The study 
was embedded in the PRECEDE-PROCEED model of health program 
planning,17 with constructs common in dominant health behaviour theories 
integrated to define predisposing, reinforcing and enabling factors, which are 
thought to influence lifestyle health behaviours. This thesis has contributed 
an evidence base to progress to the following phases, 4, 5 and 6, which 
relate to intervention alignment, administrative and policy assessment, and 
implementation. 
While the structured aspects of these phases were beyond the scope of this 
thesis, several targets for intervention were identified. The broad nature of 
these targets, and potential strategies to address them, suggest that effective 
prevention and management of excess weight in pregnancy requires both 
multidisciplinary and multi-level interventions. Furthermore, it is likely that a 
different emphasis is needed for different weight status groups. 
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8.4.3.1 Intervention targets and behavioural strategies 
Evidence from this thesis indicates that both dietary behaviour and physical 
activity, and the potential outcome of these GWG, all need to be considered 
for intervention. The antecedents to these outcomes provide targets to 
support the behaviour change process. In this section, predisposing, 
reinforcing and enabling factors identified as potential targets are outlined, 
together with suggested behaviour change strategies. The importance and 
changeability of the recommended intervention targets requires more 
detailed consideration within the organisational context.17 Furthermore, while 
predisposing factors were key drivers of behaviours identified in this thesis, 
consideration of reinforcing and enabling factors is essential, as all factors 
interact to promote sustained behaviour change.17 
Recently, 40 behaviour change techniques, with supporting definitions, were 
identified in a taxonomy as strategies to support changes in physical activity 
and healthy eating.230 This taxonomy was expanded from an original 26 
identified techniques165 and developed by researchers from three study 
centres, who were exploring behaviour change techniques in the literature.230 
Behaviour change techniques from this taxonomy have been used as 
suggested strategies to influence the predisposing, reinforcing and enabling 
factors to target and summarised in Table 8.1.  
PREDISPOSING FACTORS 
Knowledge of healthy eating recommendations and GWG was poor among 
New Beginnings study participants. While knowledge does not directly lead to 
behaviour change, it is considered a necessary precursor to enacting 
change.146 The provision of information regarding behaviours and outcomes, 
and provision of instruction may support enhanced knowledge.165 
Weight related risk perception in this study, while higher in overweight 
compared to healthy weight women, was low in both weight groups. To 
contemplate change, a person must perceive a risk associated with current 
behaviours or circumstances.387 Increasing the perceived risk about current 
weight is important for overweight women to contemplate action. Perceived 
risk about excess weight gain is important for all pregnant women, in order to 
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contemplate action. Provision of general and individual information the about 
the consequences of behaviour may increase perceived risk.387 Employing 
motivational interviewing can lead people to identify inconsistencies between 
their desires for a healthy pregnancy and offspring, and their current 
actions.230 A sense of hopelessness may result, if options to alleviate the risk 
are not coupled with the increasing perceived risk.17 Therefore, unless health 
services are available to support women with behaviour change, informing 
women of the risks associated with being overweight or excess weight gain 
may be counterintuitive. 
Self efficacy (an individual’s confidence in their ability to perform a 
behaviour146) in the New Beginnings study demonstrated a strong and 
consistently positive relationship with both dietary quality and physical 
activity. Self efficacy is a key target for behaviour change. Evidence from this 
research demonstrated that it was lower in overweight, compared to healthy 
weight women, for both healthy eating and physical activity. Key factors 
associated with enhanced self efficacy include performance attainments, 
sharing or exposure to experiences and verbal persuasion by those 
knowledgeable about the activity.344 ,388 Behavioural (rather than weight 
related outcome) goal setting, action planning, barrier identification and/or 
problem solving, setting graded tasks and prompting self monitoring230 have 
the potential to lead an individual to recognise performance attainments.389 
Providing feedback on performance, promoting rewards for efforts toward 
change, providing instruction on how to achieve more physical activity and/or 
healthy eating recommendations, prompting discussion on past successes 
and relapse prevention and/or coping planning230 may also contribute to 
enhanced self efficacy,389 and may be best done in individual counselling. 
Weight locus of control, belief about self ability to control weight,301 in this 
thesis, was inversely associated with excess GWG in healthy weight women 
only. Weight locus of control has been associated with success in managing 
weight301 and is closely related to self efficacy.345 However, it is possible that 
it is based on previous experience with managing weight and there is little 
evidence to suggest that it may be modifiable, particularly over the period of 
a pregnancy. There is the potential, however, for those healthy weight 
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women who have a lower WLOC early in pregnancy to benefit from a more 
intensive behaviour modification intervention.390 
Negative outcome expectations for healthy eating, physical activity and 
GWG control were combined in a composite score. This overall, composite, 
negative outcome expectations construct was associated with excess GWG 
in overweight women. Providing information on the benefits of behaviour 
change and normative behaviour may assist to reduce the negative 
expectations.230 These negative expectations may be associated with past 
difficulties with weight management. Offering positive support and promoting 
positive experiences, rather than focussing on the negative aspects of 
behaviour change, may be important in supporting women who are already 
overweight. 
In this thesis, intentions were positively associated with health behaviours in 
healthy weight women, however, not in overweight women. The intentions for 
healthy eating and physical activity for both groups were highly, positively 
skewed. Subsequently, when intentions are already positive, prompting 
intention formation for these behaviours may not be a useful target of 
interventions, but, rather, focus strategies on achieving behavioural 
intentions. 
REINFORCING FACTORS 
Both social support and health professional support are key targets for 
intervention relating to lifestyle health behaviours. In the New Beginnings 
study there was a very low level of health professional advice or support 
relating to behavioural outcomes. Health care providers may require 
additional education and training to provide women with information, 
instructions and feedback on the performance of healthy lifestyle behaviours. 
Without supportive feedback, there is a reduced chance of sustained 
changes.17 Social support, in this thesis, was lower in overweight compared 
to healthy weight women for healthy eating and GWG control. In healthy 
weight women both of these domains of social support were associated with 
diet quality. Prompting a person to plan how to elicit social support and 
manage negative influences, as well as involving people with significant 
  
Chapter 8: Overall Discussion and Implications 239 
influence on behaviour change, require consideration as behaviour change 
techniques to impact on social support in a health program.230 
ENABLING FACTORS 
Enabling factors are considered to be necessary conditions that may facilitate 
or inhibit action.17 In this thesis, barriers to healthy eating demonstrated a 
negative association with diet quality for overweight women only. Dimensions 
assessed for healthy eating and physical activity included time and 
information (both), cost (healthy eating only), safety concerns and physical 
discomfort (physical activity only). 
The skills to perform health related behaviour tasks are important enabling 
factors for behaviour change.17 Assessing women’s skills to safely exercise 
with minimal discomfort, and cooking and preparing meals, is important to 
ensuring that behavioural goals may be achieved. Providing instruction or 
access to services to enhance the necessary skills or to manage physical 
discomfort may be required. 
It is unlikely that an intervention can modify the cost associated with food or 
the income of participants, however, providing instruction and information on 
ways to access or use less expensive products may assist to overcome this 
dimension of barriers to healthy eating. 
While only barriers relating to health behaviours were assessed in the New 
Beginnings study, any intervention program must consider the health care 
environment in terms of accessibility and affordability for the target group to 
attend.17 
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Table 8.1 Summary of suggested behaviour change techniques to support change to predisposing, reinforcing and enabling factor intervention 
targets 
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Predisposing factors               
Knowledge √                   
Risk 
Perception 
√ √                  
Self efficacy   √ √ √ √ √ √ √ √ √ √ √ √      
Negative 
outcome 
expectations 
              √ √    
Reinforcing 
factors 
                   
Social support                √ √ √  
Health 
professional 
support 
                  √ 
Enabling factors               
Barriers     √ √              
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8.4.3.2 Differences between healthy and overweight women 
Taken together, the findings of the New Beginnings study indicate that a 
broad approach of generic information-giving for all women is unlikely to 
promote sustained behaviour change. The evidence from this thesis indicates 
that the drivers for the behaviour of those women who commence pregnancy 
at a healthy weight are different to those who commence pregnancy 
overweight. 
It is possible that low intensity interventions, which incorporate behavioural 
strategies, may be sufficient to support the half to two-thirds of women who 
are entering pregnancy at a healthy weight to achieve healthy lifestyles and 
gain appropriate weight. Those healthy weight women identified as needing 
greater support (such as those with a lower WLOC) could be referred on for 
more specialised, intensive support, as required. 
A recent randomised, controlled trial of a low intensity, antenatal, health 
promotion program, based on behavioural theory, demonstrated significant 
improvements in diet and physical activity behaviours.391 The intervention 
was a 60 minute workshop, supported by written information that included 
discussion, information sharing and activities based on the five As (assess, 
advise, agree, assist, arrange) self management framework.391 ,392 The active 
ingredients in complex, behavioural interventions that are associated with 
positive outcomes for dietary, physical activity and/or weight changes are the 
provision of instructions, self monitoring, relapse prevention and prompting 
practice.393 Offering group sessions more than once may confer additional 
benefits by providing opportunities to discuss relapse and problem solve to 
overcome barriers.394 
However, overweight women, who are at a greater risk of excess GWG, may 
benefit from additional, more intensive intervention than that required for 
healthy weight women. A systematic review of obesity related behavioural 
interventions in adults demonstrated that a higher contact frequency was 
associated with greater weight loss, regardless of the delivery format.393 
While it appears overweight women may require greater support, it is 
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important to acknowledge that not all women welcome support or wish to act 
on their weight. Misperceived weight status395, weight related stigma,396 the 
belief that health providers are unhelpful397  and a belief in health at every 
size398 provide some evidence that not all women will accept the offer or 
enhance support for weight management.  While women have the choice to 
engage with and accept advice and support, clinicians have a duty of care to 
ensure women are provided with appropriate information to make an 
informed choice. Support services should be provided to ensure appropriate 
care is available to those who are motivated for change. 
Findings from the New Beginnings study suggest that, while intentions for 
healthy eating, physical activity and GWG control in overweight women were 
positive and similar to healthy weight women, they were not significantly 
associated with dietary quality or minutes of physical activity. These results 
indicate that overweight women need support to manage post-intentional 
influences on behaviours and are likely to require more intensive, 
individualised support to achieve healthy lifestyles. Further, for overweight 
women collectively, higher negative expectations for healthy eating, physical 
activity and GWG control in pregnancy were associated with excess GWG. 
This indicates that one focus of interventions needs to be on positive 
experiences, rather than what women need to sacrifice or be deprived of to 
engage in a healthy lifestyle. This may be best tailored to individual 
experiences. 
The content and most effective way to deliver interventions to influence 
lifestyle behaviours and weight in pregnancy remains unclear.204 However, 
individualised, dietary counselling and weight monitoring have demonstrated 
promise for reducing GWG in obese pregnant women.212 ,222 The successful 
aspects of trials appear to have been repeated contact with a nutrition 
professional throughout pregnancy.222 Yet, access to nutrition care 
professionals in the antenatal setting in Australia is poor, despite women 
wanting this.288 Within this thesis, both nutrition and physical activity were not 
met and, hence, intervention for both is required and suggests the need for 
specialised exercise physiology and dietetic involvement in future health care 
services. 
  
Chapter 8: Overall Discussion and Implications 243 
Telephone counselling may offer a cost effective means to increase 
individualised access to specialised health professionals. A systematic 
review of 27 telephone counselling interventions targeting diet and/or 
physical activity reported positive changes in behaviour, with evidence to 
support dissemination of this practice.399 Participants in a telephone-
delivered intervention targeting multiple health behaviour changes were at 
twice the odds of reducing their behavioural risk factors than those who 
received the usual care over a 12 month period.400 The cost effective 
analysis of this program adds further support to its integration into health care 
services.401 Telephone counselling offers the ability to provide individualised 
advice, discuss barriers as they arise, prompt self monitoring and is closely 
aligned with the preferences of New Beginnings study participants, without 
the need for additional travel or parking costs. 
Coupled with specialised behavioural strategies and education, 
reinforcement of health messages from all antenatal health care 
professionals is likely to be important to provide positive feedback and 
recognition of behaviour changes.17 Evidence from the New Beginnings 
study indicates that there is a low level of current health profession advice 
across healthy eating, physical activity and GWG outcomes. Previous 
research suggests that education and training of health care providers in 
these areas is warranted332 ,334 ,367 ,368 ,370-372 and is likely to be an important 
component to effective prevention and management of excess weight in 
pregnancy. 
Complex health problems, such as excess weight, often require multi- 
strategy interventions.21 People live in social, cultural, political and economic 
systems that influence behaviours and access to resources are needed to 
maintain health.142 Multiple strategy interventions ensure that particular 
strategies reach some people, while selected strategies will reach others.17 
Within the antenatal health care setting, the ultimate management 
programme to address the issue of healthy lifestyles and weight gain would 
consist of multiple interventions, including some variations within 
interventions.17 Evidence from the New Beginnings study suggests that 
different strategies are needed for healthy and overweight women. 
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8.4.4 Consideration of Dietary and Physical Activity Changes as a 
Primary Outcome 
Nutrition and physical activity have been associated with improved health 
outcomes in pregnancy, regardless of GWG (see section 2.2 page 32 of the 
Literature Review). Evidence from this thesis indicates that pregnant women 
are not meeting key recommendations for dietary intake and physical activity. 
Overweight pregnant women had greater consumption of some non-core 
foods and participated in less sessions of physical activity. While the dietary 
quality and minutes of physical activity did not appear to be associated with 
‘not excess’ or ‘excess GWG’, changes in proxy measures of energy 
balance, in particular the amount of food, was. 
Changing the focus from an outcome of weight change to the outcome of 
dietary or physical activity changes acknowledges the health benefits these 
behaviours have beyond weight control. Recent evidence suggests that 
focussing on the process of changing dietary behaviours, rather than the 
outcome of weight change, is associated with successful changes in dietary 
behaviour, fewer deviations from behavioural goals and, while not the focus, 
resulted in actual weight loss.402 
Weight loss is often presumed to be an indicator of behavioural change in 
diet and or activity.377 However, weight change is a much more distal element 
in the behaviour change process than the use of specific behavioural 
strategies or dietary intake,377 particularly in pregnancy, when many factors 
exert an influence on weight. The energy balance during pregnancy is not the 
only factor influencing maternal and offspring health. Micronutrient intake, 
directly related to the quality of dietary intake, is also important. 
It is likely that there are non-modifiable components of GWG beyond the 
control of a woman through her health behaviours. No single factor can be 
identified as a universal causal factor for excess GWG, with many distinct 
behaviours and metabolic adaptations exerting pressure towards a positive 
energy balance.162 Consistent with previous research,69 ,71 this thesis 
identified a low adherence to dietary and physical activity recommendations 
in pregnancy. However, these behaviours were not associated with excess 
GWG. By focussing only on weight changes, the important benefits of 
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improved dietary intake and physical activity levels may be undervalued and 
ignored. The individual, metabolic adaptations and life circumstances of 
women during pregnancy is likely to explain why specific dietary intake and 
physical activity recommendations to promote appropriate weight gain remain 
unclear. This should not preclude providing support and appropriate advice to 
control the component of weight gain that is associated with lifestyle 
behaviours and, hence, is modifiable. Helping women to achieve a balanced 
healthy diet, to move more and sit less, in line with current recommendations, 
appears to be a sensible starting point. Evidence from this thesis indicates 
that such an avenue is warranted. 
8.5 FUTURE RESEARCH DIRECTIONS 
• An evaluation of an appropriately targeted, individualised counselling 
intervention on the dietary and physical activity behaviours and weight 
gain in pregnancy for overweight women needs to be undertaken. 
Telephone counselling and the use of technology could be explored. 
Such an intervention should be embedded within a multi- strategy, 
multidisciplinary, health promotion program within the antenatal setting, 
targeting healthy lifestyles and weight gain in all pregnant women. As 
part of this, examination of the maintenance of health behaviours and 
weight retention beyond the pregnancy period, and translation of 
intervention effectiveness in routine health services, will be important. 
• A cost effectiveness analysis of intervening during pregnancy to 
promote healthy eating and physical activity is important. While the 
health costs and savings during pregnancy are important, included in 
this analysis should be upstream modelling to include health cost 
savings associated with improved infant and maternal health in future 
years. 
• Developing an understanding of the knowledge and attitudes of 
antenatal health care professionals relating to healthy lifestyles and 
appropriate weight gain in order to identify opportunities for systemic 
integration of health messages across the continuum of care. 
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• Further exploration of the metabolic implications of pregnancy is 
important to our understanding of the biological and physiological 
influences on gestational weight gain. Updated measurement of the 
energy requirements for women who commence pregnancy overweight 
and gain appropriate, rather than excess, weight are needed to help 
guide population recommendations. Appetite regulation may be an 
important component to understand why some women eat what they do 
during pregnancy. 
• Further examination of the individual variability in dietary and physical 
activity behaviours associated with positive outcomes, rather than 
focussing only on group levels may be important for understanding 
particular intervention targets. 
8.6 CONCLUSION 
This PhD research has contributed new evidence across the four research 
domains. 
New evidence has been generated, within an Australian context, about the 
prevalence of excess GWG. The problem of inappropriate weight gain within 
an Australian, obstetric population was highlighted. The prevalence of excess 
GWG was high and similar to that reported for maternal obesity at about the 
time of conception. While just over half of the women who were already 
overweight gained excess weight, a third of healthy weight women gained too 
much also and cannot be forgotten. 
There were few differences between weight groups for measures of physical 
activity and healthy eating, with most women failing to meet key 
recommendations. While nutrition was important for all women during 
pregnancy and had become more so, there was more variability in attitudes 
towards physical activity. Interestingly, overweight women were more likely to 
report that physical activity had become more important. Knowledge relating 
to the influence of nutrition on pregnancy was good, however, practical 
knowledge about how many serves of fruit and vegetables should be 
consumed was poor. 
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Women reported receiving little advice from health professionals, despite a 
desire for lifestyle education. These results indicate that there are 
opportunities to improve the advice and support provided by health care 
professionals during the antenatal period. 
This PhD has contributed new knowledge to international literature through 
demonstrating that predisposing, reinforcing and enabling factors, with a 
positive influence on health behaviours, were lower in women commencing 
pregnancy overweight, and those factors with a negative influence on health 
behaviours were higher compared to healthy weight women. This research 
has demonstrated that some of these antecedents to health behaviours, 
which were different according to pre-pregnancy weight status, were 
associated with diet quality, physical activity and excess GWG. While self 
efficacy was consistently associated with dietary quality and physical activity 
for both weight groups, other associations between specific predisposing, 
reinforcing and enabling factors differed with behaviour and weight status 
group. The results highlight the complexity of supporting behaviour change in 
a one-size-fits-all approach. Strategies that support overweight women to 
manage post-intentional influences and to improve self efficacy in 
individualised interventions targeting eating, physical activity and weight 
control in pregnancy need to be examined. 
Evidence from this PhD research indicates that excess weight in pregnancy 
is prevalent and there is a need for effective prevention and management. 
The New Beginnings study findings indicate that women are motivated and 
think behaviours are important and, thus, pregnancy is a good time to 
intervene. Nutrition and physical activity behaviour should be considered as 
outcomes independently of weight change. Effective management of the 
problem of excess weight in pregnancy probably requires a multidisciplinary 
approach with multi-level strategies integrated into health care services. The 
level of intervention and specific strategies are likely to be different for 
healthy and overweight women. 
Collectively, the evidence derived from this thesis suggests that we are 
missing opportunities to improve healthy lifestyles in pregnancy. It makes a 
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significant contribution to our understanding of, and the future directions for, 
managing health behaviours associated with overweight in pregnancy. 
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ABSTRACT (205) 
Nutrition and physical activity during pregnancy are important determinants of 
health for mothers and their offspring. The distribution of attitudes towards these 
behaviours for women who start pregnancy at a healthy weight or overweight is 
unknown. This study examined overweight and healthy weight women’s perceptions 
of the importance of healthy eating and physical activity during pregnancy and how 
these changed since becoming pregnant. 
A consecutive sample of pregnant women (n=584) aged 29+5 (mean+SD) years were 
recruited at 16+2 weeks gestation. Measured height and self-reported pre-pregnancy 
weight were used to calculate BMI. Eating well at this stage of pregnancy was rated 
as being ‘very important’ by 70% of women, with 80% indicating this had become 
more important since becoming pregnant. In contrast, only 37% rated regular 
exercise as very important. Approximately half the women (58%) reported that the 
importance of exercise had not changed or had reduced and this was more frequent 
for healthy weight than overweight women (61% vs. 51%, p=0.016). These findings 
indicate that women see pregnancy as an important time for eating well but messages 
about the benefits of activity do not seem to be as widely accepted, and healthy 
weight women may be at particular risk of reducing physical activity in pregnancy. 
Key words: Pregnancy, nutrition, physical activity, attitude 
 
INTRODUCTION  
Pregnancy provides a window of opportunity to impact on the health of future 
generations at a time when women may be particularly motivated to look after their 
own health in the interests of their baby and are in regular contact with health 
services(1). It has been suggested that this offers a ‘teachable moment’ for obesity 
prevention(2). Diet and physical activity in pregnancy are key modifiable 
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determinants of future chronic disease risk for both mothers and offspring(3). 
Attitudes set the foundations that shape behaviour change(4) and are therefore 
important to understand in designing interventions. In pregnancy, women’s attitudes 
to behaviours such as healthy eating and physical activity are likely to be influenced 
by their pre-existing diet and physical activity and their pre-pregnancy weight status. 
However little quantitative research based on representative samples, has examined 
attitudes towards eating well and physical activity during pregnancy. This study 
aimed to describe women’s perceptions of the importance of healthy eating and 
physical activity during pregnancy, how these perceptions had changed since 
becoming pregnant and to compare these perceptions between women who were 
healthy weight or overweight prior to pregnancy. 
METHODS  
Study design and participants 
The New Beginnings Healthy Mothers and Babies Study was a prospective 
observational study examining the psychosocial factors influencing nutrition and 
physical activity during pregnancy and the early post partum. The study was 
approved by the Human Research Ethics Committees of the recruitment hospital and 
the collaborating university. A consecutive sample of pregnant women were 
recruited from a metropolitan tertiary hospital in Australia over a 6 month period via 
mail out and face-to-face contact at the first hospital visit. All women referred for 
antenatal care were eligible except if they had insufficient English language skills to 
complete questionnaires and pre-existing Type 1 or 2 diabetes. Data were collected at 
the first antenatal hospital visit at around 16 weeks gestation. Height was measured 
using standard clinical procedures by study staff. Pre-pregnancy weight, health 
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behaviour attitudes and demographic information were collected by self-report 
questionnaire. 
Outcome measures 
Weight status 
Self-reported pre-pregnancy weight and measured height were used to calculate pre-
pregnancy BMI, dichotomised to: healthy weight (BMI<25 kg/m2) and overweight 
(BMI > 25kg/m2). Self-reported pre-pregnancy weight has been shown to be a 
reasonable estimate of weight at conception(5), and has been widely used in 
population studies(6-7). 
Importance of behaviours 
Participants were asked to rate how important is was now (i.e. at 16-20 
weeks gestation) to eat well and get regular physical activity, using a five 
point scale from ‘not very important’, to ‘very important’(8). Responses were 
highly positively skewed and were collapsed to two categories for analysis: 
‘very important’ vs. ‘other’. Participants were also asked whether each 
behaviour (eating well and regular physical activity) had become more or less 
important since becoming pregnant. The five possible response categories 
were dichotomised for analyses of ‘a lot less important, a little less important 
or has not changed’ and ‘a little more important or a lot more important’. 
Statistical analysis 
Analyses were performed using the Statistical Package for Social Sciences (Version 
18, SPSS Inc., Chicago, IL. USA). The criterion for statistical significance was set at 
the conventional level of p<0.05 (two tailed) for all analyses. Differences between 
groups were assessed using chi squared tests for categorical variables. 
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RESULTS 
A total of 664 of 1059 eligible women (63%) consented to participate and 
provided measured anthropometric data and/or a completed questionnaire 
(n=582, 87% provided both). Women’s mean weeks of gestation was 16+ 2, 
their mean age was 29 + 5 years and 60% were first time mothers. Table 1 
outlines the sample’s demographic characteristics by pre-pregnancy weight 
status. Participants were representative of the Queensland obstetric 
population for age, marital status, ethnicity, parity and anthropometric 
characteristics(9), and one third (34%) were overweight prior to pregnancy. 
Seventy percent of participants reported it was ‘very important’ at this time in 
pregnancy to eat well, with a trend for overweight women to report this less 
frequently than healthy weight women (64% vs 72%; x2=3.432, df 1, p=0.064). 
Thirty eight percent of participants rated regular physical activity as ‘very important’ 
at this time, with no difference by weight status group (39% healthy weight vs. 36% 
overweight, x2=0.542, df 1, p=0.462). 
Figure 1 outlines the distribution of responses for women’s perceived change in the 
importance of eating well and regular physical activity since becoming pregnant. 
Eating well had become ‘more’ important for 84% of participants with no difference 
between healthy and overweight women. Regular physical activity had ‘not changed’ 
or become ‘a little/lot less important’ for 58% of participants with more healthy 
weight women reporting this (61% vs. 51%, x2=5.77, df 1, p=0.016). Conversely, 
overweight women were more likely than healthy weight women to report that 
regular physical activity had become ‘a little/lot more important’ (49% vs. 39%). 
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DISCUSSION 
This study of a large representative sample of women attending their first antenatal 
visit highlights a number of opportunities for supporting women to make healthy 
lifestyle behaviour changes during pregnancy. The data show that healthy eating was 
widely regarded as very important in pregnancy (endorsed by 70% of the sample), 
with the majority of women (84%) indicating that this had become more important 
than it was prior to pregnancy. In contrast, only one-third of women (38%) reported 
that regular physical activity was very important in pregnancy and there was greater 
variability in whether women regarded this as more or less important than prior to 
pregnancy. Pre-pregnancy weight status was not associated with women’s 
perceptions of the importance of healthy eating but unexpectedly, healthy weight 
women were more likely than overweight women to report that the importance of 
regular physical activity had not changed or had reduced. 
The high rate of positive attitudes towards healthy eating in pregnancy reported here 
are consistent with findings from other studies(10) (8, 11-12). These potentially 
reflect both widespread beliefs that good nutrition is one of the few ways that 
pregnant women can actively protect their baby’s health(13), and the major focus in 
antenatal care on the provision of advice about healthy eating, supplementation and 
food safety(14). While healthy weight and overweight women in the New 
Beginnings Study were equally likely to report that healthy eating was important and 
had become more important to them since becoming pregnant, other evidence 
suggests these women may not be equally successful in achieving a healthy diet. 
Studies have reported that women with higher BMI’s have poorer diet quality(15), 
and in data reported elsewhere(16), we found that overweight women in the New 
Beginnings Study were nearly twice as likely as healthy weight women (56% vs. 
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30%) to gain excess gestational weight across the pregnancy. Together these data 
suggest that antenatal care for women who are overweight, needs to build on 
women’s existing motivation by providing practical strategies and monitoring on 
how to achieve a healthy diet and to manage potential barriers to change. 
Regular physical activity during pregnancy was less likely to be regarded as ‘very 
important’ by the New Beginnings participants. Of interest, healthy weight women 
more frequently reported the importance of regular physical activity was the same or 
less important than prior to pregnancy, while overweight women were more likely to 
report it as more important. Low recognition of the importance of an active 
pregnancy  may reflect historical contention about the safety of physical activity 
when pregnant, despite current recommendations that regular activity is a key 
component of a healthy pregnancy(17). Several studies report that some pregnant 
women perceive physical activity to be a potential danger to their baby’s 
wellbeing(18) with health care professionals reinforcing this perception(19). For 
example, a US study (n=179) found that two thirds of surveyed women reported 
receiving information about the risks of antenatal physical activity and viewed 
jogging as risky(19). A small UK study reported that fewer than one in five women 
rated an active lifestyle as very important in pregnancy, in contrast to four out of five 
reporting that getting a good night’s sleep was very important(18). While it is 
acknowledged there is little evidence demonstrating an increase in physical activity 
is beneficial in pregnancy, maintaining regular physical activity has wide health 
benefits(17), particularly for appropriate weight gain(20). The results of this study 
suggest that women, and particularly healthy weight women, would benefit from a 
greater focus in antenatal care on the importance of establishing or maintaining 
regular physical activity throughout pregnancy. 
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Collectively, these findings highlight opportunities for supporting women to 
maintain or change their health behaviours in early pregnancy, to the benefit of their 
own health and that of their babies. The majority of participating women were aware 
of the importance of healthy eating, while perceptions about regular physical activity 
were more mixed. Drawing on health behaviour change theories(21-23) these data 
suggest different intervention strategies for these behaviours. For healthy eating 
where awareness is already high, the typical approach should be on assisting women 
to develop and implement specific strategies for achieving a healthy diet, while for 
physical activity greater education about the benefits is likely to be needed to support 
behaviour maintenance or improvement. 
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An observational study of nutrition and physical activity behaviours, knowledge 
and advice in pregnancy: Are we doing enough? 
ABSTRACT  
Background: Maternal obesity, excess weight gain and lifestyle behaviours during 
pregnancy have been associated with future overweight for mothers and babies. This 
study compared the nutrition and physical activity behaviours of Australian healthy 
(BMI < 25k/m2) and overweight (BMI > 25kg/m2) pregnant women and described 
their knowledge and receipt of health professional advice early in pregnancy.  
Methods: Pregnant women (n=584) aged 29+5 (mean+s.d.) years were recruited at 
16+2 weeks gestation from a metropolitan hospital in Australia. Height and weight 
were measured using standard procedures and women completed a self administered 
semi quantitative survey. 
Results: Only 8% and 36% of participants’ correctly reported the recommended 
daily number of fruit and vegetable serves respectively. Four percent of participants 
ate the recommended 5 serves/day of vegetables. Overweight women were less likely 
than healthy weight women to achieve adequate fruit intake (4% vs. 8%, p=0.05), 
and more likely to consume soft drinks/cordial (55% vs 43%, p=0.005) and take 
away foods (37% vs. 25%, p=0.002) once a week or more. Less than half of all 
women achieved sufficient physical activity. Eighty percent of participants would 
have liked education about nutrition, physical activity and weight gain. The 
proportion of women reporting “sometimes” to “always” receiving specific advice 
about healthy eating and physical activity was less than 50% for all items except 
encouragement.  
Conclusions: Healthy pregnancy recommendations were not being met, with 
overweight women less likely to meet some recommendations. Knowledge of dietary 
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recommendations was poor and health care professional advice was limited. There 
are opportunities to improve the health care practices and education pregnant women 
received to improve knowledge and behaviours. Pregnant women appear to want 
this.   
Key words: Pregnancy, nutrition, dietary intake, physical activity, knowledge, 
advice 
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BACKGROUND  
One third to half of pregnant women are overweight around the time of 
conception[1-2] with a similar proportion gaining too much weight during 
pregnancy[3]. Pre-pregnancy weight status and excess pregnancy weight gain are 
important risk factors for future overweight in both mothers and babies. Nutrition 
and physical activity behaviours are key modifiable factors associated with weight 
related outcomes in pregnancy. An understanding of these behaviours, including 
variability according to pre-pregnancy weight status, knowledge of key 
recommendations and the provision of advice from health care providers is important 
to developing interventions to influence nutrition and physical activity.  
Few pregnant women in Australia meet recommendations for food and nutrient 
intakes or physical activity. The average intake of vegetables has been reported at 
approximately 2- 2 ½ serves per day[4],[5] when five are recommended, and only 9- 
13% of women met the recommendations of four serves of fruit per day[4],[5]. In the 
Australian Longitudinal Study on Women’s Health, none of the participating 
pregnant woman (n=606) met recommendations for all food groups[6]. Similarly, an 
Australian study (n=262) reported only a third of pregnant women met the American 
College of Obstetrics and Gynaecology (ACOG)[7] recommendations of 30 minutes 
or more of moderate exercise on an almost daily basis[4].  
The reasons why few women achieve recommended nutrition and physical activity 
guidelines during pregnancy are unclear. Knowledge and support are likely to be 
important. While knowledge is considered an essential precursor for behaviour 
change processes,[8]  it may not be sufficient for change. Women’s pre-pregnancy 
behaviours and their prior successes at controlling their weight through diet and 
physical activity may also be influential and contribute either positively or negatively 
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to behaviour change. The health care professionals who have repeated contact with 
pregnant women may potentially play a central role in providing education and 
supporting women’s intentions and efforts towards achieving healthy behaviours[9-
10].  
To date, little is known about the relationship between women’s nutrition and 
physical activity knowledge and behaviours in pregnancy and the advice they receive 
from health professionals. Moreover, it is unknown whether these differ for women 
who commence their pregnancy at a healthy weight compared to overweight. 
Understanding these factors is important to ensure appropriately targeted advice to 
support the achievement of healthy behaviours during pregnancy. This study aimed 
to describe the nutrition and physical activity behaviours and knowledge of healthy 
and overweight women in early pregnancy, and their receipt of health professional 
advice about nutrition and physical activity.  
METHODS  
Study design and participants 
The New Beginnings Healthy Mothers and Babies Study was a prospective 
observational study examining nutrition and physical activity behaviours and 
behavioural influences during pregnancy and the early post partum period. 
Participants were recruited through a public tertiary teaching hospital that provides 
routine obstetric services to a large Australian city, with approximately 4500 
deliveries per year. The study was approved by the Human Research Ethics 
Committees of the recruitment hospital and collaborating university. A consecutive 
sample was recruited via mailed out and/or face-to-face invitations at women’s first 
clinic visit over a 6 month period commencing in August 2010.  All women referred 
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for antenatal care were eligible unless they had insufficient English language skills to 
complete questionnaires or pre-existing Type 1 or 2 diabetes.  
Data were collected at two time points corresponding to routine maternity visits at 
approximately 16 and 36 weeks gestation. Women’s weight and height were 
measured using standard clinical procedures by study staff at the 16 week visit. Self 
completed questionnaires assessed pre-pregnancy weight, eating and physical 
activity behaviours, knowledge and demographic information at the first visit. 
Receipt of health professional advice was assessed at both the first and second visits.  
Measures 
Weight status 
Self reported pre-pregnancy weight and measured height were used to calculate pre-
pregnancy Body Mass Index (BMI) which was categorised as: healthy weight 
(BMI<25kg/m2) and overweight (BMI> 25kg/m2)[11-12]. Self reported pre-
pregnancy weight is widely used in population studies[13-14] and has been shown to 
be a reasonable estimate of weight at conception[15].  
Knowledge 
Pregnancy specific knowledge was assessed using three items from a previously 
validated questionnaire[16] with slight modifications: “what a pregnant woman eats 
during pregnancy has no effect on her health”, “what a pregnant woman eats during 
pregnancy has no effect on the health of her unborn baby” and “if a pregnant woman 
eats a healthy diet there is no need for her to be physically active during pregnancy”. 
Response options were “true”, “false” and “don’t know”. Knowledge of fruit and 
vegetable intake recommendations was assessed using two items previously used 
with pregnant women[17]: “how many serves of fruit [vegetables] should a pregnant 
woman eat for good health”. A “don’t know” option was provided. Definitions of 
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one serve of fruit and one serve of vegetables were provided. Pregnancy specific 
knowledge (0-3)and knowledge of recommendations (0-2) were created by summing 
the correct items within each index.  
Knowledge of recommendations for physical activity in pregnancy was assessed with 
one item: “As best you know what is the recommended amount of physical activity 
for a healthy pregnant woman?” Four response categories were provided including 
the correct one of 30 minutes every day[7]. 
Dietary behaviour 
The Fat and Fibre Behaviour Questionnaire (FFBQ)[18] is a 20 item questionnaire 
assessing dietary behaviours (frequency of consumption and use of food items and 
categories), that influence fat and fibre intake[18]. It provides information on general 
food patterns rather than specific energy and macronutrient intake. Nine items relate 
to frequency of consumption of particular high fat or high fibre foods, measured on a 
five point scale (ranging from 5= Never to 1= 6 or more days per week)[18]. Nine 
items ask about behaviours relating to cooking, eating or choice of foods such as type 
of dairy products or bread, measured on a five point scale (ranging from 1= Never, to 
5= Always) with a “Not applicable or do not know” option for those who d not eat a 
particular food or are not aware of specific cooking methods[18]. Two items assessed 
the number of serves of fruit (1 item) and vegetables (1 item) consumed each day. 
These two items contribute to the Fibre and total FFBQ scores and are also are valid 
standalone measures of fruit and vegetable intake[19] 
For each participant an average FFBQ score was calculated across all 20 items and 
for the Fat (13 items) and Fibre (7 items) subscales. The range for total and subscale 
scores were 1-5, with higher scores indicating healthier diet quality, fat and fibre 
intake. Categorical variables were also created to compare the frequency of 
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consumption of specific food groups (see Table 2) by combining “less than once a 
week” or “never” compared to “1-2 times per week” or more. Items relating to 
cooking, eating and choice of foods were dichotomised as “never/rarely” and 
“sometimes/usually/always” (see Table 2). Serves of fruit and vegetables were 
compared to recommendations for Australian pregnant women [20]. 
Physical activity 
Self reported physical activity (PA) was assessed using the Active Australia Survey 
items (AAS)[21] which have previously been used in pregnant women. The items 
assess frequency and duration of walking, moderate and vigorous physical activities. 
Total number of sessions and minutes of physical activity were each treated as 
continuous variables. Categorical variables were also created for sufficient minutes 
of physical activity (>150 minutes per week), sufficient sessions (> 5 sessions per 
week) and sufficient activity (>150 minutes per week + > 5 sessions per week)[21]. 
Support women receive and want 
Five items each assessed the frequency of receiving health professional advice on 
healthy eating and physical activity rated on a five point scale and dichotomised for 
the analyses (never/rarely, vs. sometimes/usually/always). The specific items are 
outlined in Table 4. 
For the purpose of future intervention and service delivery, at 36 weeks gestation 
participants were asked if education was available would they have been interested in 
attending (response yes/no). Those who responded yes were then asked a series of 
questions regarding their preferred type of education, when they would have liked to 
receive this and their preferred method of receiving this support or contact.   
Statistical analysis 
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Analyses were performed using Statistical Package for Social Sciences (Version 18, 
SPSS Inc., Chicago, IL. USA). All data were assessed for normality. Means and 
standard deviations are reported for normally distributed data. Medians and 
interquartile ranges are reported for skewed data. The criterion for statistical 
significance was set at the conventional level of p<0.05 (two tailed) for all analyses. 
Differences between groups were assessed using independent sample t tests or Mann 
Whitney U tests for continuous variables, and chi squared tests for categorical 
variables. 
RESULTS  
Of 1059 eligible women, 664 (63%) consented to participate and provided measured 
anthropometric data at their first visit and/or a completed questionnaire (n=582, 87% 
provided both). Mean gestation at recruitment was 16+ 2 weeks, mean age was 29 + 
5 years and 60% were first-time mothers. One third (34%) were overweight based on 
self reported pre-pregnancy weight. Table 1 outlines demographics characteristics of 
healthy and overweight women. Participants were representative of the Queensland 
obstetric population for age, marital status, ethnicity, parity and anthropometric 
characteristics[22].  
[INSERT TABLE 1] 
Knowledge 
Four percent of participants achieved the maximum knowledge score for both 
pregnancy specific nutrition knowledge and knowledge of recommendations.  The 
majority of women (92%) correctly answered the three pregnancy specific nutrition 
questions (mean = 2.9 + 0.4). Eight percent and 36% of study participants could 
correctly report the recommended daily number of fruit and vegetable serves 
respectively. Sixty nine percent (n=378) correctly identified 30 minutes a day as the 
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recommended amount of physical activity for a pregnant woman. There were no 
differences between healthy and overweight women on any knowledge measures.  
Dietary behaviour 
The mean FFBQ score was 3.2 + 0.5 (range 1-5, higher score indicates better diet 
quality). Total FFBQ score, or Fat subscale score were not different between healthy 
weight and overweight groups (Table 2). Only 4% of participants ate the 
recommended 5 serves/day of vegetables with no group differences. More healthy 
weight participants achieved the recommended fruit serves (4 serves/day) compared 
to overweight women (8% vs 4%, χ2=3.857, df 1, p=0.05).  
Table 2 outlines the proportion of women usually/always choosing reduced fat dairy 
products. There were no differences between weight status groups. The consumption 
of take-away, softdrink/cordial and high fat savoury biscuits once a week or more 
was higher in overweight compared to healthy weight women (Table 2). There was 
no difference between groups reporting consumption once a week or more of 
chocolate and lollies; pastries, cakes and biscuits; potato crisps, corn chips or salted 
nuts; and potato chips, french fries or wedges.  
[INSERT TABLE 2] 
Physical activity  
Continuous physical activity measures were negatively skewed.  Details of the 
number of sessions, minutes for each activity and totals are presented in Table 3. 
Walking was the predominant activity reported by study participants. There was no 
difference between healthy and overweight participants achieving sufficient total 
sessions, minutes of activity or sessions and minutes combined (Table 3).   
INSERT TABLE 3] 
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What support women are receiving 
The proportion of participants sometimes/usually/always being provided with health 
professional advice relating to healthy eating and physical activity in pregnancy at 16 
and 36 weeks gestation is outlined in Table 4. There was no difference between the 
proportions for healthy and overweight women (data not presented). There was little 
change in the reported proportions at 36 weeks gestation.  
[INSERT TABLE 4] 
What support women want  
Eighty percent of participants stated they would have been interested in attending 
education about nutrition, physical activity and weight control if it was available. 
This was not different between healthy and overweight women. Of those women 
wanting education, a social network (6%), DVD (10%) and group sessions (11%) 
were the least popular means of education. Written information (40%), individual 
education (26%) and a combination of group and individual sessions (25%) were 
most frequently selected preferred methods of education. This information needs to 
be interpreted with caution as some women selected only their most preferred option 
(one option) where as others selected multiple methods. Fifty five percent of women 
wanted information when they first found out they were pregnant, 35% when they 
first came to clinic and 10% at another time. Those who reported “at another time” 
provided comments most relating to wanting information at multiple times through 
the pregnancy. Preferred method of ongoing contact was email (43%), face to face 
(36%), telephone (20%) and text messages (6%).  
DISCUSSION  
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This is one of the first studies to simultaneously examine diet and physical activity 
knowledge, lifestyle behaviours according to pre-pregnancy weight status, and health 
professional advice received. While pregnancy specific nutrition knowledge was 
good, practical knowledge about how much fruit and vegetables to eat was poor. 
Less than one in ten women and only 44% meet key dietary and physical activity 
recommendations respectively. While half to two thirds of women reported health 
professionals encouraged physical activity and healthy eating respectively, specific 
advice and support to achieve these healthy lifestyle behaviours was limited. 
Knowledge is considered a core determinant for behaviour change[8] and nutrition 
knowledge 
has been independently associated with intake of fruit and vegetables in men and 
women[23]. New Beginnings study participants correctly identified that diet during 
pregnancy affects maternal and child health and that it is important to eat well and be 
physically active. However women were knew less about the practical application of 
this knowledge such as the recommendations for the amount of fruit and vegetables 
to consume. Knowledge deficits were similar for healthy weight and overweight 
pregnant women. Women cannot be expected meet recommendations without 
adequate knowledge of what should be achieved; however this alone may not result 
in appropriate behaviour.  
The nutrition and physical activity results of the New Beginning study are consistent 
with results from other Australian studies. New Beginnings participants reported an 
average consumption of fruit and vegetables of two serves each per day. This is the 
same as reported in two Australian studies using similar methods as the current study 
[4-5]. Very few women appear to be achieving sufficient fruit (4 serves per day) and 
vegetables (5 serves per day) with less than ten percent of both New Beginnings 
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participants and another Australian population achieving these[4].  Only two in five 
New Beginnings participants were sufficiently active, a similar proportion to another 
study using the same measures later in pregnancy, where one third were sufficiently 
active [4]. Identifying successful strategies to support women achieve lifestyle 
recommendations during pregnancy are needed.  
Broadly our results suggest pre-pregnancy weight status had little impact on those 
achieving recommendations with no differences between healthy and overweight 
women achieving serves of vegetables, and sufficient physical activity; overall 
dietary quality score and fat subscale score. However overweight women had a lower 
fruit intake, participated in less vigorous physical activity and more likely to 
consume some energy dense nutrient poor foods once a week or more. This suggests 
women commencing pregnancy overweight may need targeted advice to address 
specific behaviours rather than general advice.  
A potential limitation in detecting group differences for dietary quality was the 
limited range of items in the tool and the categorisation of pre-pregnancy BMI. 
Previous studies using 90-120 item tools have identified a negative association 
between pre-pregnancy BMI and dietary quality[24-25]. Laraia et al (2007)[24] 
found differences between obese women and healthy and underweight women for 
total dietary quality, but pre-obese women were not different from any weight 
category[24]. It is possible that combining pre-obese and obese women in the current 
sample ameliorated differences between healthy weight and overweight women. 
Further our 20 item tool may not have enough diversity in dietary items to detect 
differences in overall diet quality between weight status categories.  
Health professionals providing antenatal care have an important role in advising and 
supporting women achieve recommendations for health behaviours in pregnancy. 
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However in the current study support and advice beyond encouragement was limited. 
This is consistent with studies examining antenatal care provider practices in the 
context of weight gain and obesity[9, 26-29]. Despite health care providers 
acknowledging the importance of nutrition and physical activity[9, 26-27], a lack of 
knowledge and education has been reported[26] [27] [30-32]. This knowledge gap 
needs to be addressed if health care providers are to have the confidence to provide 
appropriate advice and support women achieved recommendations during pregnancy.  
Despite a reported lack of advice, four out of five women were interested in 
receiving education; they wanted this individualised and preferred face to face 
contact. These results are consistent with previous studies[33-34], where women 
wanted a tailored approach to care[34]. Targeting intervention delivery to meet the 
needs of women is important to ensure engagement with services; however this 
needs to be balanced with the ability of health services to deliver.   
The New Beginnings study was a large consecutive sample that was representative of 
the hospital and state population from which it was recruited for age, ethnicity, 
marital status and anthropometric characteristics. The simultaneous assessment of 
knowledge, behaviours and advice received adds strength to the findings reported. 
However these results need to be considered in the context of self reported measures. 
Dietary intake and physical activity behaviours may be prone to reporting bias in a 
socially desirable direction, with overweight women potential more likely to do this. 
While objective measures may have strengthened findings, the tools selected were 
valid and reliable[18, 21]. Health care providers views of advice provision were not 
assessed as the women’s recall of advice will ultimately guide behaviour [35]. It is 
possible that women underreported the health care advice received, this would not 
account for the very low level of advice observed in these study results.  
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CONCLUSIONS 
These results suggest that basic recommendations for a healthy pregnancy were not 
being met in relation to eating and physical activity. Overweight women appear less 
likely to do so for some but not all recommendations. This is perhaps not surprising 
in the context of relatively poor knowledge and limited health care professional 
assessment or advice. There are opportunities to improve the health care services 
pregnant women received to improve knowledge and behaviours, and indeed it 
appears pregnant women want this.  
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Table 1 Participant characteristics at baseline by pre-pregnancy weight status 
[percentage (count)] 
Characteristic 
 
Whole sample
(n=582) 
Healthy weight*^ 
(n=386) 
Overweight+^ 
(n=196) 
Differencea
Education 
University education 
 
45 (260) 
 
50 (191) 
 
36 (69) 
p=0.002 
Incomeb  
Low income  
$50 000 or less  
 
23 (110) 
 
20 (66) 
 
26 (44) 
p=0.089 
Middle income 
$50001 to 100000  
50 (247) 48 (158) 52 (89) 
High income 
>$100000  
28 (142) 31 (103) 23 (39) 
Birth country Australia 70 (404) 65 (251) 79 (153) p=0.001 
*Healthy weight= pre-pregnancy Body Mass Index <25kg/m2; +Overweight= pre-pregnancy Body Mass Index >25kg/m2;
 
^measured height and self reported pre-pregnancy weight; atest for significance chi squared; bn=499 total (healthy weight 
n=247, overweight n=147);  
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Table 2. 16 week dietary behaviour measures for the whole sample and by pre-
pregnancy weight status [Mean + s.d or percentage (count)] 
 Whole sample 
(n=575) 
Healthy weight*^ 
(n=382) 
Overweight+^
(n=193) 
Difference
Total FFBQ scorea 3.2 + 0.5 3.2 + 0.5 3.2 + 0.5 0.431 
FFBQ fat subscale 
score 
3.4 + 0.5 3.4 + 0.6 3.4 + 0.5 0.565 
FFBQ fibre subscale 
score 
2.8 + 0.6 2.9 + 0.6 2.7 + 0.6 0.009
Serves of fruit/day 
(4/day recommended) 
2.0 + 1.0 2.1 + 1.0 1.8 + 0.9 0.001
Serves of 
vegetables/day 
(5/day recommended) 
2.3 + 1.2 2.3 + 1.2 2.3 + 1.1 0.896 
Usually/Always 
choose reduced fat 
milk 
57 (329) 56 (215) 59 (114) 0.547 
Usually/Always 
choose reduced fat 
cream including ice-
cream 
56 (322) 54 (206) 60 (116) 0.151 
Usually/Always 
choose reduced fat  
cheeses 
37 (214) 35 (133) 42 (81) 0.090 
Take-away consumed 
once/week or more 
29 (168) 25 (95) 37 (72) 0.002 
Soft drink/cordial 
consumed once/week 
or more 
47 (274) 43 (165) 55 (108) 0.005 
High fat savoury 
biscuits consumed 
once/week or more  
27 (155) 24 (91) 32 (63) 0.025 
*Healthy weight= pre-pregnancy Body Mass Index <25kg/m2; +Overweight= pre-pregnancy Body Mass Index >25kg/m2; 
^measured height and self reported pre-pregnancy weight; FFBQ= Fat and Fibre Behaviour Questionnaire[18], ascore scale 
ranges from 1 lowest to 5 highest quality of intake;  
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Table 3. 16 week physical activity measures per week for the whole sample and by pre-
pregnancy weight status [Median (interquartile range) or percentage (count)] 
 Whole sample
(n=575) 
Healthy weight*^ 
(n=382) 
Overweight+^ 
(n=193) 
Difference
Sessions of walking  4 (2-6) 4 (2-6) 4 (2-5) 0.066 
Minutes of walking 120 (50-180) 120 (60-206) 120 (45-180) 0.214 
Sessions of 
moderate activity  
0 (0-1) 0 (0-1) 0 (0-1) 0.968b 
Minutes of 
moderate activity 
0 (0-60) 0 (0-60) 0 (0-45) 0.734 
Sessions of 
vigorous physical 
activity  
0 (0-1) 0 (0-1) 0 (0-0) 0.026 
Minutes of vigorous 
physical activity 
0 (0-25) 0 (0-30) 0 (0-0) 0.026 
Total sessions of 
physical activity 
5 (3-8) 5 (3-8) 5 (3-7) 0.044 
Total minutes of 
physical activity 
150 (60-285) 150 (72-300) 150 (60-247) 0.155 
Sufficient sessions  
physical activity  
58 (328) 59 (219) 55 (107) 0.376 
Sufficient minutes 
of physical activity  
51 (291) 51(192) 51 (97) 0.925 
Sufficient sessions 
and minutes of 
physical activity 
44 (245) 44 (160) 43 (83) 0.934 
*Healthy weight, pre-pregnancy Body Mass Index <25kg/m2; +Overweight, pre-pregnancy Body Mass Index >25kg/m2; 
ameasured height and self reported pre-pregnancy weight; bindependent samples Mann-Whitney U Test; cchi squared test 
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Table 4. Reported proportion of “sometimes-always” being provided with health professional 
advice relating to healthy eating and physical early and later in pregnancy 
[percentage (count)] 
The health care professionals who 
have cared for me since I became 
pregnant.... 
16 weeks gestation 
“sometimes-always” 
(n=575) 
36 weeks gestation 
“sometimes-always” 
(n=492) 
Ask me about the foods I eat 43 (247) 39 (191) 
Encourage me to eat healthy foods 64 (373) 58 (287) 
Give advice about the amount of 
food to eat 
29 (169) 21 (104) 
Give advice about how to plan and 
prepare healthy food 
16 (95) 13 (65) 
Ask me about the physical activity 
I do 
39 (226) 42 (206) 
Encourage me to be physically 
active 
47 (273) 50 (243) 
Advise me to limit the amount of 
activity I do 
23 (135) 18 (89) 
Criticise me for not doing enough 
physical activity 
4 (21) 3 (14) 
Offer advice about how to include 
physical activity in my day 
23 (135) 21 (101) 
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C. International Media Interest 
QUT Home page 
 
Full Media Release November 12 2012 
http://www.qut.edu.au/business/about/news/news?news-id=53101  
Two-thirds of Australian mums-to-be are in the dark when it comes to how much weight they 
should gain during pregnancy.  
Susie de Jersey from Queensland University of Technology's (QUT) Institute of Health and 
Biomedical Innovation (IHBI) and senior dietician at the Royal Brisbane and Women's 
Hospital said a third of women surveyed gained too much weight during pregnancy. Another 
third struggled to gain enough weight with some mothers recording a lower weight just 
before giving birth than they did before falling pregnant. 
"The majority of the women in the study knew healthy eating was important, but very few 
could identify how much they should be eating from different food groups, particularly fruits 
and vegetables," she said. 
"Most women said they also didn't know the recommended amount of weight they should 
gain during pregnancy and reported very limited advice about healthy weight gain." 
While most women understand the importance of healthy eating, Ms de Jersey, who has just 
completed her PhD, said less than half of the study's participants viewed exercise during 
pregnancy as very important, possibly owing to old beliefs that physical activity was not safe 
for mothers-to-be, despite the opposite being widely proven. 
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The study, which has just been published in the Australian and New Zealand Journal of 
Obstetrics and Gynaecology, also showed that more than half of the women who were 
overweight before falling pregnant gained too much maternity weight compared to only a 
third of their trimmer counterparts. 
"There are a lot of psychosocial factors in play - many of these women may have more 
negative experiences from trying to control their weight in the past," she said. 
"The reality is that some women find it easier to control their weight than others both before 
and during pregnancy.  
"We know that we need to acknowledge their prior experiences and work with them to 
improve their confidence and to help them engage in healthy behaviours."  
Ms de Jersey said the key to helping women achieve healthier weight gain during pregnancy 
was by taking an individualised approach, and to give intensive support to mothers who 
battled with weight control on either end of the scale prior to falling pregnant. 
"Pregnancy is an important time that influences being overweight in both mothers and their 
babies," she said. 
"Gaining too much or not enough weight, eating a poor diet and being physically inactive can 
affect the health of both mothers and their babies well into the future. 
"Antenatal care in the past has been about delivering a live baby, with chronic disease 
prevention and the long-term health of mothers and their babies rarely considered. 
"For most healthy, younger women, pregnancy is one of the few times they will visit health 
professionals regularly. It's the perfect opportunity to change the whole environment for their 
families. 
"Giving intensive support to mothers at this time may help to instil healthy habits that can 
have flow-on effects for not only the mother and baby during pregnancy, but also to help 
lower the child obesity rate." 
If your pre-pregnancy BMI was: Less than 18.5 kg/m² you should gain: 12½ to 18 kg 
If your pre-pregnancy BMI was: 18.5 to 24.9 kg/m² you should gain: 11½ to 16 kg 
If your pre-pregnancy BMI was: 25 to 29.9 kg/m² you should gain: 7 to 11½ kg 
If your pre-pregnancy BMI was: Above 30 kg/m² you should gain: 5 to 9 kg 
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ABC 612 Radio Interview with Steve Austin- 13 November 2012 
 http://blogs.abc.net.au/queensland/2012/11/eating-for-two-how-much-
should-you-eat-during-pregnancy.html  
 
Thompson Nutrition 20th Nov 2012 
http://www.thompsonsnutrition.com.au/news/view/link/How-much-do-you-
know-about-pregnancy-and-weight-gain  
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Essential Baby November 14, 2012 
http://www.essentialbaby.com.au/pregnancy/pregnancy-health/women-
unsure-about-weight-gain-in-pregnancy-20121114-29bnj.html  
 
 
Medical News Today- USA December 4 2012 
http://www.medicalnewstoday.com/releases/253469.php  
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Fab Health December 3rd, 2012 
http://www.fabhealth.com.au/news&post=twothirds-of-mumstobe-unaware-of-
recommended-pregnancy-
weight&id=C866360D9E2168C33687AC42E7D0C5A1  
 
Tesco Diets UK December 5th 2012 
http://www.tescodiets.com/px/newsandtools/story/women-urged-to-take-
healthy-approach-to-weight-during-pregnancy    
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Part or all of the media release appeared on more than 10 more websites 
around the world 
http://au.news.yahoo.com/thewest/a/-/national/15360573/pregnant-women-
lack-knowledge-about-weight/  
http://www.news.com.au/breaking-news/national/pregnant-women-lack-
knowledge-about-weight/story-e6frfku9-1226515205214  
http://www.motherpedia.com.au/article/10439/eating-for-two-shouldnt-be-a-
weighty-issue  
http://www.themalaysianinsider.com/litee/print/features/most-women-are-in-
the-dark-about-pregnancy-weight-gain-study-finds/  
http://interceder.net/latest_news/Royal-Brisbane-and-Women%27s-Hospital  
http://ewallstreeter.com/advise-about-weight-gain-for-pregnant-mums-3846/#  
http://www.thenewage.co.za/mobi/Detail.aspx?NewsID=72575&CatID=12  
http://www.theaustralian.com.au/news/breaking-news/pregnant-women-lack-
knowledge-about-weight/story-fn3dxiwe-1226515205214 
http://www.nigeriahealthforum.com/health/f26/pregnant-women-gaining-too-
much-weight-4141/ 
http://www.bangkokpost.com/print/324262/ 
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D. Mail Out Recruitment Information Sheet 
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E. Participant Information Sheet 
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F. Participant Consent Form 
 
 
  
Appendices 332 
G.  Time 1 Questionnaire Version 1 for Expert Panel Review 
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H. Expert Panel and Pilot Feedback 
Version 1 Questionnaire for Expert Panel    
Panel Member Feedback Outcome
Ralf Schwarzer HAPA model expert  This is very well done. Congratulations !! 
The theoretical constructs are well addressed. 
 
In general, I think the questionnaire is too long. It 
would not suffer if you cut each section in half. 
 
I have written all my comments directly into the 2 
documents. 
 
Good luck with your study. 
 
Wording changes made in “tracked changes” 
 
In general, in this entire questionnaire, I would 
use first person statements such as in the 
following: 
 
Compared to the average pregnant woman of my 
age, my chances of .... 
 
I think there are too many items on risk 
perception, given the repeated finding that risk 
perception is the least important variable. 
 
 
 
 
 
 
 
 
 
 
 
 
 
All comments implemented 
 
Questionnaire items changed to first person 
 
 
 
 
 
 
Number of items on risk perception reduced 
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Start always with lower case letter if items in the 
boxes simply continue the stem above. 
 
If you want to measure RECEIVED support, you 
need to indicate a time span (e.g. “in the last 
month”....) 
If you want to measure PERCEIVED support, you 
better indicate that the items represent 
expectations, for example, by including in the 
stem a phrase such as “Thinking of the next 
months of my pregnancy....”
Amendments made throughout questionnaire 
 
 
Timeframe added to health professional and 
social support items to measure received support. 
Statistician  I can’t comment beyond anything:
1. Already established and validated in the 
literature should not be modified without 
sound cause/need and then you need to 
consider re‐validation side‐studies 
2. Omission and modification aligned to 
research objectives and whilst you 
describe the two models, you do not 
provide detailed questions or intended 
applications of the outcomes. Basic 
principle is don’t ask anything you are not 
sure you’ll need and your are asking 
questions that fit with frameworks, so far, 
so probably ok 
Also, if you know you are going to collapse 
response categories anyway, do so now rather 
than later to save time/space
 
Health Promotion expert  Should you add knowledge, attitudes and beliefs 
about alcohol, smoking and pregnancy 
Was discussed with supervisory team and deemed 
beyond the scope of this research. It was 
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P28‐ “Do you mean specific plans” 
 
 
Should you have a set on overcoming barriers or 
measure or social support to achieve goals‐ it just 
reads harshly
important to reduce the length of the 
questionnaire 
 
Yes, planning aspects removed in final 
questionnaire 
 
Minor wording changes made to improve 
readability 
Associate Supervisor‐ Psychology  May major comment is the overlap between your 
constructs and consequently the items. Most 
specifically: 
• Task self efficacy 
• Recovery self efficacy 
• Support/enablers 
• Barriers 
While they look good in a theoretical model, 
finding a way of measuring these distinctly 
without seeming to ask the same thing in multiple 
ways is really challenging, and seriously at risk of 
getting your mothers miffed off 
 
Wording and layout amendments throughout 
questionnaire 
 
 
Recommend: 
Draw a model of constructs 
Reduce number of constructs or the number 
 
 
 
 
 
 
 
 
 
 
 
 
 
Amendments implemented 
 
 
 
Tasks carried out to reduce number of constructs 
and items for each.
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items  or both
Place like questions together, i.e. eating together, 
PA together, breastfeeding together and 
alcohol/tobacco together 
 
Recommend adding “not sure” to knowledge 
questions 
 
Put intentions before barriers 
 
Keep number of questions consistent and recode 
in database 
Format changed to place “like questions” 
together 
 
 
 
 
Done 
 
 
Done 
 
Done
Maternal Health, Dietetics and Health behaviour 
expert 
Comments on readability, instructions for 
participants 
Construct‐ outcome expectations 
1. “What happens if already eating low fat 
or enough F+V” 
Construct‐ intentions 
Infant feeding‐ keep coding consistent 
All comments and amendments implemented 
 
Minor working changes 
 
 
 
Coding kept consistent
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I. Final Time 1 Questionnaire 
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J. Final Time 2 Questionnaire 
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K. Correlations Between Predisposing, Reinforcing and Enabling Factors for Healthy Eating, Physical Activity and 
Weight Gain 
Significant parametric correlations between predisposing, reinforcing and enabling factors 
 Risk 
perception 
general 
Risk 
perception  
self 
Risk 
perception 
GWG 
Total HE 
knowledge
Knowledge 
GWG 
SE HE SE PA Weight 
locus 
of 
control 
Social 
support 
HE 
Social 
Support 
PA 
Social 
Support 
GWG 
Barriers 
PA 
Predisposing Factors
Risk 
perception 
general 
r  
    
 
 
     
Risk 
perception 
self 
r 0.474 
    
 
 
     
Risk 
perception 
GWG 
r 0.196 0.190 
   
 
 
     
Total HE 
knowledge r NS NS 0.152 
         
Knowledge 
GWG r NS NS 0.145 0.210 
        
SE HE r NS -0.236 NS 0.125         
SE PA r NS -0.210 NS NS 0.144 0.489       
WT locus 
of control r NS -0.147 0.113 NS 0.084 0.227 0.197 0.144     
Reinforcing Factors
Social 
support 
HE 
r NS -0.155 NS NS NS 0.309 0.155 NS     
Social 
Support 
PA 
r NS -0.084 NS NS NS 0.263 0.282 NS 0.488    
Social 
Support 
GWG 
r NS NS NS NS NS 0.158 0.127 0.085 0.338 0.434   
Enabling Factors
Barriers 
PA r NS 0.190 NS -0.155 -0.083 -0.371 -0.558 -0.252 -0.155 -0.315 -0.116  
SE= self efficacy; HE= healthy eating; PA= physical activity; GWG= gestational weight gain; NS= Not significant 
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Significant non parametric correlations between predisposing, reinforcing and enabling factors 
 Risk Pre-
pregnancy 
weight 
Intentions 
HE 
Intentions 
PA 
Intentions 
GWG 
+ OE 
HE 
+ OE 
PA 
+OE 
GWG 
-OE 
HE 
-OE 
PA 
-OE 
GWG 
Barriers 
HE 
Predisposing Factors 
Risk Pre-
pregnancy 
weight 
r            
Risk 
perception 
general 
r 0.113 NS NS 0.087 NS NS 0.098 -0.104 NS NS NS 
Risk 
perception 
self 
r 0.329 NS -0.170 NS -0.098 -0.084 NS 0.085 0.117 0.203 0.263 
Risk 
perception 
GWG 
r 0.314 0.159 NS 0.273 0.099 0.197 0.262 0.159 NS NS NS 
Total HE 
knowledge r NS 0.136 0.134 NS 0.149 0.171 0.129 -0.106 -0.104 -0.086 -0.114 
Knowledge 
GWG r NS NS NS NS 0.155 0.199 0.208 -0.104 NS NS NS 
Intentions 
HE r NS           
Intentions 
PA r -0.151 0.430          
Intentions 
GWG r 0.116 0.291 0.197         
+OE HE r -0.095 0.206 0.213 0.134        
+OE PA r -0.088 0.200 0.277 0.176 0.427       
+OE GWG r NS 0.199 0.205 0.261 0.320 0.509      
-OE HE r 0.109  -0.216 -0.247 NS -0.335 -0.199 -0.216     
-OE PA r 0.121  -0.124 -0.317 NS -0.195 -0.313 -0.195 0.269    
-OE GWG r 0.194 -0.193 -0.337 NS -0.195 -0.176 -0.123 0.322 0.300   
SE HE r -0.254 0.342 0.396 0.137 0.234 0.256 0.236 -0.292 -0.256 -0.479 -0.562 
SE PA r -0.213 0.125 0.459 0.087 0.168 0.314 0.202 -0.165 -0.226 -0.350 -0.346 
Weight locus r -0.177 0.152 0.191 0.181 0.247 0.329 0.399 -0.207 -0.216 -0.224 -0.253 
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 Risk Pre-
pregnancy 
weight 
Intentions 
HE 
Intentions 
PA 
Intentions 
GWG 
+ OE 
HE 
+ OE 
PA 
+OE 
GWG 
-OE 
HE 
-OE 
PA 
-OE 
GWG 
Barriers 
HE 
of control 
Reinforcing Factors 
Social 
support HE r -0.109 0.154 0.130 0.095 0.091 NS NS -0.116 -0.186 -0.143 -0.309 
Social 
Support PA r NS 0.185 0.313 0.121 0.130 0.169 0.145 -0.155 -0.181 -0.165 -0.201 
Social 
Support 
GWG 
r NS 0.125 0.108 0.226 NS 0.096 0.134 NS -0.118 NS -0.091 
Enabling Factors 
Barriers PA r 0.198 -0.200 -0.524 -0.159 -0.264 -0.324 -0.211 0.232 0.497 0.345 0.436 
Barriers HE r 0.216 -0.186 -0.329 NS -0.242 -0.190 -0.168 0.270 0.251 0.474  
SE= self efficacy; HE= healthy eating; PA= physical activity; GWG= gestational weight gain; +OE= positive outcome expectations; -OE= negative outcome expectations  
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L. Full Models for Prediction of Excess GWG 
Binary logistic regression# explaining not excess vs. excessx gestational weight gain (GWG) for healthya and overweight 
womenb (total intentions) 
 Healthy weighta (n=294) Overweightb (n=149) 
Variable β p OR [95% CI] β p OR [95% CI] 
Step 1 Demographic, pregnancy and 
energy balance factors 
Model chi square 22.65, 
p=.004* 
Model chi squared 28.437, 
p<.001+ 
Pregnancy complication‡ (no complication 
vs. 1 or more complications)# 
-0.13 .663 0.88 [0.48-1.60] 0.59 .154 1.80 [0.80-4.05]
Pre-pregnancy BMI in kg/m2 0.20 .008 1.22 [1.05-1.41] -0.04 .351 0.96 [0.88-1.05]
Parity (Nulliparous vs Primi/ multiparous) -0.48 .094 0.61[0.35-1.09] -1.12 .003 0.61 [0.14-0.67]
Weeks gestation at late pregnancy weight 0.14 .277 1.15 [0.89-1.48] -0.35 .043 0.70 [0.50-0.99]
Smoking (non-smoker vs. smoker) 1.22 .016 3.39 [1.25-9.20] 1.51 .035 4.54 [1.11-18.46]
∆ in food (no ∆ or less vs. a little or a lot 
more) 
0.47 .130 1.59 [0.87-2.91] 0.87 .026 2.39 [1.11-5.15]
∆ in PA (a little more, no ∆ or a little less vs. 
a lot less) 
0.49 .108 1.64 [0.90-2.99] 0.45 .336 0.63-3.89
Step 2 Psychosocial factor   
Total intentions -0.14 .786 0.99 [0.89-1.09] -0.14 .009 0.87 [0.74-1.02]
#All values given as per full regression model; xExcess GWG defined as above upper limit and not excess defined as with and below  Institute of Medicine guidelines for each weight category 
(underweight 12.5-18kg, healthy weight11.5-16 kg , pre-obese 7-11.5 kg , obese 5-9kg); a Healthy weight BMI<25.0kg/m2 based on self report pre-pregnancy weight and measure height  
bOverweight BMI>25.0kg/m2 based on self report pre-pregnancy weight and measure height  
BMI= Body Mass Index, GWG= gestational weight gain; ‡Complication included gestational diabetes mellitus, oedema or hypertention 
*Variance explained 7.4% (Cox &Snell R2) and10.5 % (Nagelkerke R2) 
+Variance explained 17.4% (Cox &Snell R2) and 23.3% (Nagelkerke R2) 
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Binary logistic regression# explaining not excess vs. excessx gestational weight gain (GWG) for healthya and overweight 
womenb (Risk Perception pre-pregnancy weight +Self) 
 Healthy weighta (n=294) Overweightb (n=149) 
Variable β p OR [95% CI] β p OR [95% CI] 
Step 1 Demographic, pregnancy and 
energy balance factors 
Model chi square 25.951, 
p=.001* 
Model chi squared 25.518, 
p=.001+ 
Pregnancy complication‡ (no complication 
vs. 1 or more complications)# 
-0.23 .458 0.79 [0.43-1.46] 0.48 .234 1.61 [0.74-3.54]
Pre-pregnancy BMI in kg/m2 0.19 .012 1.21 [1.04-1.40] -0.05 .266 0.95 [0.87-1.04]
Parity (Nulliparous vs Primi/ multiparous) -0.50 .086 0.61 [0.35-1.07] -1.13 .004 0.32 [0.15-0.70]
Weeks gestation at late pregnancy weight 0.16 .230 1.17 [0.91-1.50] -0.34 .046 0.71 [0.51-0.99]
Smoking (non-smoker vs. smoker) 1.05 .044 2.87 [1.03-8.01] 1.44 .040 4.23 [1.07-16.75]
∆ in food (no ∆ or less vs. a little or a lot 
more) 
0.43 .169 1.53 [0.83-2.81] 0.87 .024 2.39 [1.12-5.11]
∆ in PA (a little more, no ∆ or a little less vs. 
a lot less) 
0.41 .190 1.51 [0.82-2.78] 0.57 .219 1.76 [0.71-4.34]
Step 2 Psychosocial factor   
Risk Perception pre-pregnancy weight 
+Selfd 
0.22 .065 1.24 [0.99-1.56] -.00 .982 0.99 [0.81-1.23]
#All values given as per full regression model; xExcess GWG defined as above upper limit and not excess defined as with and below  Institute of Medicine guidelines for each weight category 
(underweight 12.5-18kg, healthy weight11.5-16 kg , pre-obese 7-11.5 kg , obese 5-9kg); a Healthy weight BMI<25.0kg/m2 based on self report pre-pregnancy weight and measure height  
bOverweight BMI>25.0kg/m2 based on self report pre-pregnancy weight and measure height  
d sum of score for risk perception for pre-pregnancy weight and self risk perception 
BMI= Body Mass Index, GWG= gestational weight gain; ‡Complication included gestational diabetes mellitus, oedema or hypertension 
*Variance explained 8.4% (Cox &Snell R2) and 12 % (Nagelkerke R2) 
+Variance explained 15.7% (Cox &Snell R2) and 21.1% (Nagelkerke R2)  
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Binary logistic regression# explaining not excess vs. excessx gestational weight gain (GWG) for healthya and overweight 
womenb (Total self efficacy) 
 Healthy weighta (n=294) Overweightb (n=149) 
Variable β p OR [95% CI] β p OR [95% CI] 
Step 1 Demographic, pregnancy and 
energy balance factors 
Model chi square 22.591, 
p=.004* 
Model chi squared 25.566, 
p=.001+ 
Pregnancy complication‡ (no complication 
vs. 1 or more complications)# 
-0.13 .685 0.88 [0.48-1.61] 0.48 .230 1.62 [0.74-3.56]
Pre-pregnancy BMI in kg/m2 0.20 .007 1.22 [1.05-1.42] -0.05 .220 0.95 [0.87-1.03
Parity (Nulliparous vs Primi/ multiparous) -0.47 .102 0.62 [0.36-1.10] -1.13 .004 0.32 [0.15-0.70]
Weeks gestation at late pregnancy weight 0.14 .276 1.15 [0.90-1.48] -0.34 .048 0.71 [0.51-1.00]
Smoking (non-smoker vs. smoker) 1.23 .016 3.41 [1.26-9.26] 1.43 .042 4.19 [1.06-16.65]
∆ in food (no ∆ or less vs. a little or a lot 
more) 
0.48 .119 1.62 [0.88-2.96] 0.87 .024 2.40 [1.12-5.12]
∆ in PA (a little more, no ∆ or a little less vs. 
a lot less) 
0.51 0.98 1.67 [0.91-3.06] 0.56 .217 1.76 [0.72-4.30
Step 2 Psychosocial factor   
Total self efficacy 0.04 .709 1.04 [0.84-1.30] -0.03 .826 0.97 [0.73-1.29]
#All values given as per full regression model; xExcess GWG defined as above upper limit and not excess defined as with and below  Institute of Medicine guidelines for each weight category 
(underweight 12.5-18kg, healthy weight11.5-16 kg , pre-obese 7-11.5 kg , obese 5-9kg); a Healthy weight BMI<25.0kg/m2 based on self report pre-pregnancy weight and measure height  
bOverweight BMI>25.0kg/m2 based on self report pre-pregnancy weight and measure height  
d sum of score for risk perception for pre-pregnancy weight and self risk perception 
BMI= Body Mass Index, GWG= gestational weight gain; ‡Complication included gestational diabetes mellitus, oedema or hypertension 
*Variance explained 7.4% (Cox &Snell R2) and 10.5 % (Nagelkerke R2) 
+Variance explained 15.8% (Cox &Snell R2) and 21.1% (Nagelkerke R2) 
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Binary logistic regression# explaining not excess vs. excessx gestational weight gain (GWG) for healthya and overweight 
womenb (Weight locus of control) 
 Healthy weighta (n=294) Overweightb (n=149) 
Variable β p OR [95% CI] β p OR [95% CI] 
Step 1 Demographic, pregnancy and 
energy balance factors 
Model chi square 29.527, 
p<.001* 
Model chi squared 25.569, 
p=.001+ 
Pregnancy complication‡ (no complication 
vs. 1 or more complications)# 
-0.23 .462 0.79 [0.43-1.47] 0.48 .234 1.61 [0.73-3.54]
Pre-pregnancy BMI in kg/m2 0.24 .002 1.27 [1.09-1.47] -0.05 .232 0.95 [0.87-1.03]
Parity (Nulliparous vs Primi/ multiparous) -0.37 .205 0.69 [0.39-1.23] -1.13 .004 0.32 [0.15-0.70]
Weeks gestation at late pregnancy weight 0.16 .217 1.18 [0.91-1.52 -0.34 .050 0.71 [0.51-1.00]
Smoking (non-smoker vs. smoker) 1.01 .056 2.73 [0.97-7.67] 1.45 .040 4.25 [1.07-16.89]
∆ in food (no ∆ or less vs. a little or a lot 
more) 
0.46 .143 1.58 [0.86-2.91] 0.88 .024 2.41 [1.13-5.15]
∆ in PA (a little more, no ∆ or a little less vs. 
a lot less) 
0.51 .106 1.66 [0.90-3.06] 0.56 .216 1.76 [0.72-4.30]
Step 2 Psychosocial factor   
Weight locus of control -0.48 .021 0.61 [0.41-0.93] 0.06 .821 1.06 [0.62-1.84] 
#All values given as per full regression model; xExcess GWG defined as above upper limit and not excess defined as with and below  Institute of Medicine guidelines for each weight category 
(underweight 12.5-18kg, healthy weight11.5-16 kg , pre-obese 7-11.5 kg , obese 5-9kg); a Healthy weight BMI<25.0kg/m2 based on self report pre-pregnancy weight and measure height  
bOverweight BMI>25.0kg/m2 based on self report pre-pregnancy weight and measure height  
d sum of score for risk perception for pre-pregnancy weight and self risk perception 
BMI= Body Mass Index, GWG= gestational weight gain; ‡Complication included gestational diabetes mellitus, oedema or hypertension 
*Variance explained 9.5% (Cox &Snell R2) and 13.7 % (Nagelkerke R2) 
+Variance explained 15.8% (Cox &Snell R2) and 21.1% (Nagelkerke R2) 
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Binary logistic regression# explaining not excess vs. excessx gestational weight gain (GWG) for healthya and overweight 
womenb (Total positive outcome expectations) 
 Healthy weighta (n=294) Overweightb (n=149) 
Variable β p OR [95% CI] β p OR [95% CI] 
Step 1 Demographic, pregnancy and 
energy balance factors 
Model chi square 25.411, 
p=.001* 
Model chi squared 26.020, 
p=.001+ 
Pregnancy complication‡ (no complication 
vs. 1 or more complications)# 
-0.16 .593 0.85 [0.47-1.55] 0.45 .260 1.57 [0.72-3.47]
Pre-pregnancy BMI in kg/m2 0.22 .003 1.25 [1.08-1.45] -0.06 .202 0.95 [0.87-1.03]
Parity (Nulliparous vs Primi/ multiparous) -0.48 .100 0.62 [0.35-1.10] -1.11 .005 0.33 [0.15-0.71]
Weeks gestation at late pregnancy weight 0.16 .230 1.17 [0.91-1.50] -0.34 .049 0.71 [0.51-1.00]
Smoking (non-smoker vs. smoker) 1.14 .026 3.14 [1.15-8.60] 1.38 .051 3.96 [1.00-15.72]
∆ in food (no ∆ or less vs. a little or a lot 
more) 
0.48 .119 1.62 [0.88-2.96] 0.86 .027 2.36 [1.10-5.04
∆ in PA (a little more, no ∆ or a little less vs. 
a lot less) 
0.54 .081 1.72 [0.94-3.15] 0.57 .212 1.77 [0.72-4.33]
Step 2 Psychosocial factor   
Total positive outcome expectations -0.21 .092 0.81 [0.63-1.04] -0.12 .480 0.88 [0.63-1.24] 
#All values given as per full regression model; xExcess GWG defined as above upper limit and not excess defined as with and below  Institute of Medicine guidelines for each weight category 
(underweight 12.5-18kg, healthy weight11.5-16 kg , pre-obese 7-11.5 kg , obese 5-9kg); a Healthy weight BMI<25.0kg/m2 based on self report pre-pregnancy weight and measure height  
bOverweight BMI>25.0kg/m2 based on self report pre-pregnancy weight and measure height  
d sum of score for risk perception for pre-pregnancy weight and self risk perception 
BMI= Body Mass Index, GWG= gestational weight gain; ‡Complication included gestational diabetes mellitus, oedema or hypertension 
*Variance explained 8.2% (Cox &Snell R2) and 11.8 % (Nagelkerke R2) 
+Variance explained 16.0% (Cox &Snell R2) and 21.5% (Nagelkerke R2) 
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Binary logistic regression# explaining not excess vs. excessx gestational weight gain (GWG) for healthya and overweight 
womenb (Total negative outcome expectations) 
 Healthy weighta (n=294) Overweightb (n=149) 
Variable β p OR [95% CI] β p OR [95% CI] 
Step 1 Demographic, pregnancy and 
energy balance factors 
Model chi square 24.742, 
p=.002* 
Model chi squared 31.228, 
p<.001+ 
Pregnancy complication‡ (no complication 
vs. 1 or more complications)# 
-0.14 .639 0.87 [0.48-1.58] 0.61 .137 1.85 [0.82-4.15]
Pre-pregnancy BMI in kg/m2 0.20 .007 1.22 [1.08-1.42] -0.60 .184 0.94 [0.86-1.03]
Parity (Nulliparous vs Primi/ multiparous) -0.48 .097 0.62 [0.35-1.09] -1.19 .003 0.30 [0.14-0.67]
Weeks gestation at late pregnancy weight 0.14 .266 1.15 [0.90-1.48] -0.34 .050 0.71 [0.51-1.00]
Smoking (non-smoker vs. smoker) 1.24 .015 3.47 [1.28-9.43] 1.52 .033 4.56 [1.13-18.44]
∆ in food (no ∆ or less vs. a little or a lot 
more) 
0.47 .125 1.60 [0.88-2.93] 0.91 .021 2.48 [1.14-5.37]
∆ in PA (a little more, no ∆ or a little less vs. 
a lot less) 
0.48 .119 1.62 [0.88-2.96] 0.54 .246 1.72 [0.67-4.30]
Step 2 Psychosocial factor   
Total negative outcome expectations 0.15 .139 1.16 [0.95-1.12] 0.38 .022 1.46 [1.06-2.03]
#All values given as per full regression model; xExcess GWG defined as above upper limit and not excess defined as with and below  Institute of Medicine guidelines for each weight category 
(underweight 12.5-18kg, healthy weight11.5-16 kg , pre-obese 7-11.5 kg , obese 5-9kg); a Healthy weight BMI<25.0kg/m2 based on self report pre-pregnancy weight and measure height  
bOverweight BMI>25.0kg/m2 based on self report pre-pregnancy weight and measure height  
d sum of score for risk perception for pre-pregnancy weight and self risk perception 
BMI= Body Mass Index, GWG= gestational weight gain; ‡Complication included gestational diabetes mellitus, oedema or hypertension 
*Variance explained 8.0% (Cox &Snell R2) and 11.5 % (Nagelkerke R2) 
+Variance explained 18.9% (Cox &Snell R2) and 25.3% (Nagelkerke R2) 
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Binary logistic regression# explaining not excess vs. excessx gestational weight gain (GWG) for healthya and overweight 
womenb (Total social support) 
 Healthy weighta (n=294) Overweightb (n=149) 
Variable β p OR [95% CI] β p OR [95% CI] 
Step 1 Demographic, pregnancy and 
energy balance factors 
Model chi square 23.226, 
p=.003* 
Model chi squared 28.362, 
p<.001+ 
Pregnancy complication‡ (no complication 
vs. 1 or more complications)# 
-0.13 .670 0.88 [0.48-1.60] 0.47 .241 1.61 [0.73-3.55]
Pre-pregnancy BMI in kg/m2 0.20 .008 1.22 [1.05-1.41] -0.06 .199 0.94 [0.87-1.03]
Parity (Nulliparous vs Primi/ multiparous) -0.44 .128 0.64 [0.36-1.14] -1.23 .002 0.29 [0.13-1.03]
Weeks gestation at late pregnancy weight 0.15 .258 1.16 [0.90-1.49] -0.33 .057 0.72 [0.51-1.01]
Smoking (non-smoker vs. smoker) 1.24 .015 3.46 [1.28-9.37] 1.44 .041 4.23 [1.06-16.81]
∆ in food (no ∆ or less vs. a little or a lot 
more) 
0.47 .125 1.60 [0.88-2.93] 0.90 .022 2.46 [1.14-5.30]
∆ in PA (a little more, no ∆ or a little less vs. 
a lot less) 
0.54 .084 1.71 [0.93-3.15] 0.56 .222 1.75 [0.71-4.30]
Step 2 Psychosocial factor   
Total social support 0.06 .422 1.06 [0.92-1.24] -0.18 .096 0.84 [0.68-1.03]
#All values given as per full regression model; xExcess GWG defined as above upper limit and not excess defined as with and below  Institute of Medicine guidelines for each weight category 
(underweight 12.5-18kg, healthy weight11.5-16 kg , pre-obese 7-11.5 kg , obese 5-9kg); a Healthy weight BMI<25.0kg/m2 based on self report pre-pregnancy weight and measure height  
bOverweight BMI>25.0kg/m2 based on self report pre-pregnancy weight and measure height  
d sum of score for risk perception for pre-pregnancy weight and self risk perception 
BMI= Body Mass Index, GWG= gestational weight gain; ‡Complication included gestational diabetes mellitus, oedema or hypertension 
*Variance explained 7.5% (Cox &Snell R2) and 10.8 % (Nagelkerke R2) 
+Variance explained 17.3% (Cox &Snell R2) and 23.2% (Nagelkerke R2) 
 
  
  
Appendices 379 
Binary logistic regression# explaining not excess vs. excessx gestational weight gain (GWG) for healthya and overweight 
womenb (Total barriers) 
 Healthy weighta (n=294) Overweightb (n=149) 
Variable β p OR [95% CI] β p OR [95% CI] 
Step 1 Demographic, pregnancy and 
energy balance factors 
Model chi square 22.651, 
p=.004* 
Model chi squared 28.788, 
p<.001+ 
Pregnancy complication‡ (no complication 
vs. 1 or more complications)# 
-0.13 .684 0.88 [0.48-1.61] 0.48 .232 1.62 [0.73-3.59]
Pre-pregnancy BMI in kg/m2 0.20 .008 1.22 [1.05-1.41] -0.06 .183 0.94 [0.87-1.03]
Parity (Nulliparous vs Primi/ multiparous) -0.49 .092 0.62 [0.35-1.08] -1.14 .004 0.32 [0.15-0.70]
Weeks gestation at late pregnancy weight 0.14 .273 1.15 [0.90-1.48] -0.32 .066 0.73 [0.52-1.02]
Smoking (non-smoker vs. smoker) 1.23 .016 3.43 [1.26-9.32] 1.48 .039 4.41 [1.08-17.97]
∆ in food (no ∆ or less vs. a little or a lot 
more) 
0.47 .125 1.60 [0.88-2.93] 0.96 .015 2.61 [1.21-5.67]
∆ in PA (a little more, no ∆ or a little less vs. 
a lot less) 
0.51 .098 1.67 [0.91-3.06] 0.58 .211 1.78 [0.72-4.39]
Step 2 Psychosocial factor   
Total barriers -0.03 .787 0.97 [0.78-1.21] 0.30 .076 1.35 [0.97-1.88] 
#All values given as per full regression model; xExcess GWG defined as above upper limit and not excess defined as with and below  Institute of Medicine guidelines for each weight category 
(underweight 12.5-18kg, healthy weight11.5-16 kg , pre-obese 7-11.5 kg , obese 5-9kg); a Healthy weight BMI<25.0kg/m2 based on self report pre-pregnancy weight and measure height  
bOverweight BMI>25.0kg/m2 based on self report pre-pregnancy weight and measure height  
d sum of score for risk perception for pre-pregnancy weight and self risk perception 
BMI= Body Mass Index, GWG= gestational weight gain; ‡Complication included gestational diabetes mellitus, oedema or hypertension 
*Variance explained 7.4% (Cox &Snell R2) and 10.5 % (Nagelkerke R2) 
+Variance explained 17.6% (Cox &Snell R2) and 23.5% (Nagelkerke R2) 
 
